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What’s New in the Guidelines

Updates to the Guidelines for the Prevention and Treatment of Opportunistic Infections

in HIV-Infected Adults and Adolescents

The Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV Infected Adults and
Adolescents document was published in an electronic format that could be easily updated as relevant changes
in prevention and treatment recommendations occur.

The editors and subject matter experts are committed to timely changes in this document because so many
health care providers, patients, and policy experts rely on this source for vital clinical information.

All changes are developed by the subject matter groups listed in the document (changes in group
composition are also promptly posted). These changes are reviewed by the editors and by relevant outside
reviewers before the document is altered.

Major revisions within the last 6 months are as follows:

October 28, 2014:

1. Hepatitis C Virus: The therapy of Hepatitis C virus is changing with dramatic speed as more and more
directly acting anti-HCV drugs are studied and approved. The Infectious Disease Society of America and
the American Association for the Study of Liver Disease (IDSA-AASLD) with the International Antiviral
Society (IAS-USA) have created an on-line guidance that is updated regularly throughout the year
(http://www.hcvguidelines.org). The Guidelines for the Prevention and Treatment of Opportunistic
Infections in HIV Infected Adults and Adolescents and the IDSA-AASLD Guideline have overlapping
members. Thus, these Opportunistic Infection Guidelines will no longer make specific treatment
recommendations, but will link to that guideline so that recommendations are harmonized and current.

2. Mucocutaneous Candidiasis: New information has been included about the efficacy of posaconazole
for mucocutaneous candidiasis, including references to new formulations of the drug. The term
“secondary prophylaxis™ as it relates to candidiasis has been replaced by “chronic suppressive therapy”
to more clearly communicate the concepts that relate to recurrent candidiasis.

3. Bacterial Enteric Infections: Updated information is provided on diagnosis of C. difficile infection in
diarrheal specimens. A stronger recommendation is made for treatment of Salmonellosis in all HI'V-
infected persons. Since Shigella spp. with reduced sensitivity to azithromycin has been reported in men
who have sex with men, this drug is not recommended for treatment of Shigella spp. bacteremia.
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Introduction (Last updated June 17, 2013; last reviewed May 7, 2013)

Prior to the widespread use of potent combination antiretroviral therapy (ART), opportunistic infections
(OIs), which have been defined as infections that are more frequent or more severe because of
immunosuppression in HIV-infected persons,"? were the principal cause of morbidity and mortality in this
population. In the early 1990s, the use of chemoprophylaxis, immunization, and better strategies for
managing acute Ols contributed to improved quality of life and improved survival.® Subsequently, the
widespread use of potent ART has had the most profound influence on reducing Ol-related mortality in HI'V-
infected persons.>1°

Despite the availability of ART, Ols continue to cause considerable morbidity and mortality in the United
States for three main reasons:

1. Approximately 20% of HIV-infected persons in the United States are unaware of their HIV infection,'!:!?

and many present with an OI as the initial indicator of their disease;'®

2. Some individuals are aware of their HIV infection, but do not take ART due to psychosocial or economic
factors; and

3. Some patients are enrolled in HIV care and prescribed ART, but do not attain an adequate virologic and
immunologic response due to inconsistent retention in care, poor adherence, unfavorable
pharmacokinetics, or unexplained biologic factors.®!*!3

Recent analyses suggest that while 77% of HIV-infected persons who are retained in care and prescribed
ART are virologically suppressed, only 20% to 28% of the total estimated HIV-infected population in the
United States are virologically suppressed,'"'¢ with as few as 10% in some jurisdictions.!” Thus, while
hospitalizations and deaths have decreased dramatically due to ART, Ols continue to cause substantial
morbidity and mortality in HIV-infected persons.'®® Clinicians must be knowledgeable about optimal
strategies for diagnosis, prevention, and treatment of Ols to provide comprehensive, high quality care for
these patients.

It is important to recognize that the relationship between Ols and HIV infection is bi-directional. HIV causes
the immunosuppression that allows opportunistic pathogens to cause disease in HIV-infected persons. Ols, as
well as other co-infections that may be common in HIV-infected persons, such as sexually transmitted
infections (STIs), can adversely affect the natural history of HIV infection by causing reversible increases in
circulating viral load?*-** that could accelerate HIV progression and increase transmission of HIV.?® Thus,
while chemoprophylaxis and vaccination directly prevent pathogen-specific morbidity and mortality, they
may also contribute to reduced rate of progression of HIV disease. For instance, randomized trials have
shown that chemoprophylaxis with trimethoprim-sulfamethoxazole can both decrease Ol-related morbidity
and improve survival. The survival benefit is likely to result, in part, from reduced progression of HIV
infection.**** In turn, the reduced progression of HIV infection would reduce the risk of subsequent Ols.

History of These Guidelines

In 1989, the Guidelines for Prophylaxis against Pneumocystis carinii Pneumonia for Persons Infected with
the Human Immunodeficiency Virus became the first HIV-related treatment guideline published by the U.S.
Public Health Service.*! This publication was followed by a guideline on prevention of Mycobacterium
avium complex disease in 1993.4> In 1995 these guidelines were expanded to include the prevention of all
HIV-related OIs and the Infectious Diseases Society of America (IDSA) joined as a co-sponsor.** These
prevention guidelines were revised in 1997, 1999, and 2002 and were published in Morbidity and Mortality
Weekly Report (MMWR),*® Clinical Infectious Diseases,*”™ The Annals of Internal Medicine,’*>' American
Family Physician,’*>® and Pediatrics;>* accompanying editorials appeared in the Journal of the American
Medical Association (JAMA)>> and in Topics in HIV Medicine.>®
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In 2004 the Centers for Disease Control and Prevention (CDC), the National Institutes of Health (NIH), and
the HIV Medicine Association (HIVMA) of the IDSA published a new guideline including recommendations
for treating OIs among HIV-infected adults and adolescents.’” Companion guidelines were published for
HIV-infected children.>® Revised guidelines for both prevention and treatment of OIs in HIV-infected adults
and adolescents® and HIV-exposed/infected children®® were published in 20009.

Responses to these guidelines (e.g., numbers of requests for reprints, website contacts) demonstrate that these
documents are valuable references for HIV health care providers. The inclusion of ratings that indicate both
the strength of each recommendation and the quality of supporting evidence allows readers to assess the
relative importance of each recommendation. The present revision includes recommendations for prevention
and treatment of Ols in HIV-infected adults and adolescents; a revision of recommendations for HIV-exposed
and infected children can also be found in http://www.aidsinfo.nih.gov.

These guidelines are intended for clinicians, other health care providers, HIV-infected patients, and policy
makers in the United States; guidelines pertinent to other regions of the world, especially resource-limited
countries, may differ with respect to the spectrum of OIs of interest and diagnostic and therapeutic capacities.

Guidelines Development Process

These guidelines were prepared by the Opportunistic Infections Working Group under the auspices of the
Office of AIDS Research Advisory Council (OARAC) of the NIH. Briefly, six co-editors selected and
appointed by their respective agencies (i.e., NIH, CDC, IDSA) convened working groups of clinicians and
scientists with subject matter expertise in specific Ols. The co-editors appointed a leader for each working
group, which reviewed the literature since the last publication of these guidelines, conferred over a period of
several months, and produced draft revised recommendations. Issues requiring specific attention were
reviewed and discussed by the co-editors and the leaders from each working group at the annual meeting of
the IDSA in Vancouver, Canada, in October 2010. After further revision, the guidelines were reviewed by
patient care advocates and by primary care providers with extensive experience in the management of HIV
infection. The final document reflects further revision by the co-editors, the Office of AIDS Research (OAR),
experts at CDC, and by the IDSA and affiliated HIV Medicine Association prior to final approval and
publication on the AIDSinfo website. The names and affiliations of all contributors as well as their financial
disclosures are provided in the Panel roster and Financial Disclosure section (Appendix C). The names of the
patient advocates and primary HIV care providers who reviewed the document are listed in Contributors
(Appendix D).
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Guidelines Development Process (page 1 of 2)

Topic Comment
Goal of the Provide guidance to HIV care practitioners on the optimal prevention and management of HIV-related
guidelines opportunistic infections (0lIs) for adults and adolescents in the United States.

Panel members

The panel is composed of six co-editors who represent the National Institutes of Health (NIH), the Centers for
Disease Control and Prevention (CDC), and the HIV Medicine Association of the Infectious Disease Society of
America (HIVMA/IDSA), plus more than 100 members who have expertise in HIV clinical care, infectious
disease management, and research. Co-editors are appointed by their respective agencies or organizations.
Panel members are selected from government, academia, and the healthcare community by the co-editors
and assigned to a working group for one or more the guideline’s sections based on the member’s area of
subject mater expertise. Each working group is chaired by a single panel member selected by the co-chairs.
Members serve on the panel for a 4-year term, with an option to be reappointed for additional terms. The
panel co-editors also select members from the community of persons affected by HIV disease (i.e., adults
living with HIV infection, advocates for persons living with HIV infection) to review the entire guidelines
document. The lists of the current panel members and of the patient advocates and primary HIV care
providers who reviewed the document can be found in Appendices C and D, respectively.

Financial
disclosure and
management of
conflicts of interest

All members of the panel submit a written financial disclosure annually reporting any associations with
manufacturers of drugs, vaccines, medical devices, or diagnostics used to manage HIV-related Ols. A list of
these disclosures and their last update is available in Appendix C. The panel co-editors review each reported
association for potential conflict of interest and determine the appropriate action: disqualification from the
panel, disqualification/recusal from topic review and discussion; no disqualification needed. A conflict of
interest is defined as any direct financial interest related to a product addressed in the section of the guideline
to which a panel member contributes content. Financial interests include direct receipt by the panel member
of payments, gratuities, consultancies, honoraria, employment, grants, support for travel or accommodation,
or gifts from an entity having a commercial interest in that product. Financial interest also includes direct
compensation for membership on an advisory board, data safety monitoring board, or speakers’ bureau.
Compensation and support that filters through a panel member’s university or institution (e.g., grants,
research funding) is not considered a conflict of interest.

Users of the
guidelines

HIV treatment providers

Developer

Panel on Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and
Adolescents—a working group of the Office of AIDS Research Advisory Council (OARAC).

Funding source

The Office of AIDS Research (OAR), NIH

Evidence
collection

The recommendations in the guidelines are generally based on studies published in peer-reviewed journals.
On some occasions, particularly when new information may affect patient safety, unpublished data presented
at major conferences or information prepared by the U.S. Food and Drug Administration or manufacturers
(e.g., warnings to the public) may be used as evidence to revise the guidelines. Panel members of each
working group are responsible for conducting a systematic comprehensive review of the literature, for
conducting updates of that review, and for bringing to their working group’s attention all relevant literature.

Method of
synthesizing data
and formulating
recommendations

Each section of the guidelines is assigned to a working group of panel members with expertise in the area of
interest. The members of the working group synthesize the available data. Recommendations are reviewed
and updated by each working group after an assessment of the quality and impact of the existing and any
new data. Aspects of evidence that are considered include but are not necessarily limited to the type of study
(e.g., case series, prospective cohort, randomized controlled trial), the quality and appropriateness of the
methods, and the number of subjects and effect sizes observed. Each revision of the guidelines is reviewed
by patient care advocates and by primary care providers with extensive experience in the management of HIV
infection to assess cultural sensitivity and operational utility. Finally, all material is reviewed by the co-editors,
OAR, subject matter experts at CDC and the HIVIMA/IDSA prior to final approval and publication.

Recommendation
rating

Recommendations are rated using a revised version of the previous rating system (see How to Use the
Information in this Report and Rating System for Prevention and Treatment Recommendations, below) and
accompanied, as needed, by explanatory text that reviews the evidence and the working group’s assessment.
All proposals are discussed at teleconferences and by email and then assessed by the panel’s co-editors and
reviewed by OAR, CDC, and the HIVMA/IDSA before being endorsed as official recommendations.
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Guidelines Development Process (page 2 of 2)

Topic Comment

Other guidelines These guidelines focus on prevention and treatment of HIV-related Ols for adults and adolescents. A separate
guideline outlines similar recommendations for HIV-infected and exposed children. These guidelines are also
available on the AIDSinfo website (http://www.aidsinfo.nih.gov).

Update plan Each work group and the co-editors meet at least every 6 months by teleconference to review data that may
warrant modification of the guidelines. Updates may be prompted by approvals of new drugs, vaccines,
medical devices or diagnostics, by new information regarding indications or dosing, by new safety or efficacy
data, or by other information that may affect prevention and treatment of HIV-related Ols. Updates that may
significantly affect patient safety or treatment and that warrant rapid notification may be posted temporarily
on the AIDSinfo website (http://www.aidsinfo.nih.gov) until appropriate changes can be made in the
guidelines document.

Public comments | After release of an update on the AIDSinfo website, the public is given a 2-week period to submit comments
to the panel. These comments are reviewed, and a determination is made by the appropriate work group and
the co-editors as to whether revisions are indicated. The public may also submit comments to the Panel at
any time at contactus@aidsinfo.nih.gov.

Major Changes in Guidelines Since Last Publication
Major changes in the document include:

1) New information on when to start ART in the setting of an acute OI, including tuberculosis;
2) When to start therapy for hepatitis B and hepatitis C disease, and what drugs to use;
3) Drug interactions between drugs used to manage Ols and HIV;

4) A change in the system for rating the strength of each recommendation, and the quality of evidence
supporting that recommendation (see Rating System for Prevention and Treatment Recommendations);
and

5) Inclusion of pathogen-specific tables of recommended prevention and treatment options at the end of
each OI section, in addition to summary tables at the end of the document.

How to Use the Information in this Report

Recommendations in this report address:

1) Preventing exposure to opportunistic pathogens;

2) Preventing disease;

3) Discontinuing primary prophylaxis after immune reconstitution;

4) Treating disease;

5) When to start ART in the setting of an acute OI;

6) Monitoring for adverse effects (including immune reconstitution inflammatory syndrome [IRIS]);
7) Managing treatment failure;

8) Preventing disease recurrence (‘“‘secondary prophylaxis” or chronic maintenance therapy);

9) Discontinuing secondary prophylaxis after immune reconstitution; and

10) Special considerations during pregnancy.

Recommendations are rated using a revised version of the previous rating system (see Rating System for
Prevention and Treatment Recommendations below) and accompanied, as needed, by explanatory text that
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reviews the evidence and the working group’s assessment. In this system, the letters A, B, or C signify the
strength of the recommendation for or against a preventive or therapeutic measure, and Roman numerals I,
I1, or IIT indicate the quality of evidence supporting the recommendation. In cases where there were no data
for the prevention or treatment of an OI based on studies conducted in HIV-infected populations, but data
derived from HIV-uninfected persons existed that could plausibly guide management of HIV-infected
patients, the recommendation is rated as a II or III but is assigned A, B, or C depending on the strength of the
recommendation.

Rating System for Prevention and Treatment Recommendations

Strength of Recommendation Quality of Evidence for the Recommendation

A:  Strong recommendation for the statement I One or more randomized trials with clinical outcomes

nd/or validated laboratory endpoint
B: Moderate recommendation for the statement and/or validated laboratory endpoints

. . . Il:  One or more well-designed, non-randomized trials or
C:  Optional recommendation for the statement observational cohort studies with long-term clinical
outcomes

lll:  Expert opinion

This document also includes tables in each OI section pertinent to the prevention and treatment of Ols, as
well as eight summary tables at the end of the document (Tables 1-8), a figure that includes immunization
recommendations, and an appendix that summarizes recommendations pertinent to preventing exposure to
opportunistic pathogens, including preventing exposure to STIs (Appendix A).

Special Considerations Regarding Pregnancy

No large studies have been conducted concerning the epidemiology or manifestations of HIV-associated Ols
among pregnant women. No data demonstrate that the spectrum of OlIs differs from that among non-pregnant
women with comparable CD4+ counts.

Physiologic changes during pregnancy can complicate the recognition of Ols and complicate treatment due
to changes in pharmacokinetic parameters, which may influence optimal dosing for drugs used for
prevention or treatment of OI. Factors to consider include the following:®!

* Increased cardiac output by 30% to 50% with concomitant increase in glomerular filtration rate and renal
clearance.

* Increased plasma volume by 45% to 50% while red cell mass increases only by 20% to 30%, leading to
dilutional anemia.

» Tidal volume and pulmonary blood flow increase, possibly leading to increased absorption of aerosolized
medications. The tidal volume increase of 30% to 40% should be considered if ventilator assistance is
required.

* Placental transfer of drugs, increased renal clearance, altered gastrointestinal absorption, and metabolism
by the fetus that might affect maternal drug levels.

* Limited pharmacokinetic data are available; use usual adult doses based on current weight, monitor
levels if available, and consider the need to increase doses if the patient is not responding as expected.

Non-invasive imaging, including imaging that may expose a patient to radiation, is an important component
of Ol diagnosis. Fetal risk is not increased with cumulative radiation doses below 5 rads; the majority of
imaging studies result in radiation exposure to the fetus that is lower than the 5-rad recommended limit. In
humans, the primary risks associated with high-dose radiation exposure are growth restriction, microcephaly,

Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and Adolescents — A-5



and developmental disabilities. The most vulnerable period is 8 to 15 menstrual weeks of gestation, with
minimal risk before 8 weeks and after 25 weeks. The apparent threshold for development of mental
retardation is 20 to 40 rads, with risk of more serious mental retardation increasing linearly with increasing
exposure above this level. Among children, risk for carcinogenesis might be increased approximately 1 per
1000 or less per rad of in utero radiation exposure.®? Therefore, pregnancy should not preclude usual
diagnostic evaluation when an OI is suspected.®® Abdominal shielding should be used when feasible to
further limit radiation exposure to the fetus. Experience with use of magnetic resonance imaging (MRI) in
pregnancy is limited, but no adverse fetal effects have been noted.*

Other procedures necessary for diagnosis of suspected Ols should be performed in pregnancy as indicated for
non-pregnant patients. A pregnant woman who is >20 weeks of gestation should not lie flat on her back but
should have her right hip elevated with a wedge to displace the uterus off the great vessels and prevent
supine hypotension. Oxygenation should be monitored when pregnant patients are positioned such that
ventilation or perfusion might be compromised.

In the United States, pregnancy is an indication to start antiretroviral therapy if the HIV-infected woman is
not already on therapy. A decision to defer therapy based on a current or recent OI should be made on the
same basis as for non-pregnant individuals supplemented by consultation with the obstetrician regarding
factors unique to each individual pregnancy.

After first-trimester exposure to agents of uncertain teratogenic potential, including many of the anti-
infective agents described in this guideline, an ultrasound should be conducted every 4 to 6 weeks in the
third trimester to assess fetal growth and fluid volume, with antepartum testing if growth lag or decreased
fluid are noted.
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Pneumocystis Pneumonia (Last updated October 28, 2014; last reviewed
October 28, 2014)

Epidemiology

Pneumocystis pneumonia (PCP) is caused by Pneumocystis jirovecii, a ubiquitous organism that is classified
as a fungus but also shares biologic characteristics with protozoa. The taxonomy of the organism has been
changed; Pneumocystis carinii now refers only to the Pneumocystis that infects rats, and P. jirovecii refers to
the distinct species that infects humans. The abbreviation PCP is still used to designate Pneumocystis
pneumonia. Initial infection with P. jirovecii usually occurs in early childhood; two-thirds of healthy children
have antibodies to P. jirovecii by ages 2 to 4 years.!

Rodent studies and case clusters in immunosuppressed patients suggest that Pneumocystis spreads by the
airborne route. Disease probably occurs by new acquisition of infection and by reactivation of latent
infection.?!! Before the widespread use of PCP prophylaxis and antiretroviral therapy (ART), PCP occurred
in 70% to 80% of patients with AIDS;'? the course of treated PCP was associated with a 20% to 40%
mortality rate in individuals with profound immunosuppression. Approximately 90% of PCP cases occurred
in patients with CD4 T-lymphocyte (CD4 cell) counts <200 cells/mm?. Other factors associated with a higher
risk of PCP included CD4 cell percentage <14%, previous episodes of PCP, oral thrush, recurrent bacterial
pneumonia, unintentional weight loss, and higher plasma HIV RNA levels.!>!*

The incidence of PCP has declined substantially with widespread use of PCP prophylaxis and ART; recent
incidence among patients with AIDS in Western Europe and the United States is <1 case per 100 person-
years.'> Most cases occur in patients who are unaware of their HIV infection or are not receiving ongoing
care for HIV,'® and in those with advanced immunosuppression (CD4 counts <100 cells/mm?).!”

Clinical Manifestations

In HIV-infected patients, the most common manifestations of PCP are subacute onset of progressive dyspnea,
fever, non-productive cough, and chest discomfort that worsens within days to weeks. The fulminant
pneumonia observed in patients who are not infected with HIV is less common. '8!

In mild cases, pulmonary examination usually is normal at rest. With exertion, tachypnea, tachycardia, and
diffuse dry (cellophane) rales may be observed.!” Oral thrush is a common co infection. Fever is apparent in
most cases and may be the predominant symptom in some patients. Extrapulmonary disease is rare but can
occur in any organ and has been associated with use of aerosolized pentamidine prophylaxis.?

Hypoxemia, the most characteristic laboratory abnormality, can range from mild (room air arterial oxygen
[pO,] =70 mm Hg or alveolar-arterial O, difference, [A-a] DO, <35 mm Hg) to moderate ([A-a] DO, >35
and <45 mm Hg) to severe ([A-a] DO, >45 mm Hg). Oxygen desaturation with exercise is often abnormal
but is non-specific.?! Elevation of lactate dehydrogenase levels to >500 mg/dL is common but non-specific.?
Chest radiograph typically demonstrates diffuse, bilateral, symmetrical interstitial infiltrates emanating from
the hila in a butterfly pattern;'® however, a chest radiograph may be normal in patients with early disease.?
Atypical radiographic presentations also occur, such as nodules, blebs and cysts, asymmetric disease, upper
lobe localization, and pneumothorax. Spontaneous pneumothorax in a patient with HIV infection should
raise the suspicion of PCP.*** Cavitation, intrathoracic adenopathy, and pleural effusion are uncommon in
the absence of other pulmonary pathogens or malignancy, and their presence may indicate an alternative
diagnosis. Approximately 13% to 18% of patients with documented PCP have another concurrent cause of
pulmonary dysfunction, such as tuberculosis (TB), Kaposi sarcoma (KS), or bacterial pneumonia.?®?’

Thin-section computed tomography (CT) demonstrating patchy ground-glass attenuation?®2’ increases the
likelihood that a diagnostic study, such as bronchoscopy, will demonstrate PCP in patients with mild-to-
moderate symptoms and normal chest radiograph and, therefore, may be useful as an adjunct.
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Diagnosis

Because clinical presentation, blood tests, and chest radiographs are not pathognomonic for PCP, and
because the organism cannot be cultivated routinely, histopathologic or cytopathologic demonstration of
organisms in tissue, bronchoalveolar lavage (BAL) fluid, or induced sputum samples!®26273% is required for a
definitive diagnosis. Spontaneously expectorated sputum has low sensitivity and should not be submitted to
the laboratory to diagnose PCP. Giemsa, Diff-Quik, and Wright stains detect both the cystic and trophic
forms but do not stain the cyst wall; Gomori methenamine silver, Gram-Weigert, cresyl violet, and toluidine
blue stain the cyst wall. Some laboratories prefer direct immunofluorescent staining. Previous studies of
stained respiratory tract samples obtained by various methods indicate the following relative diagnostic
sensitivities: induced sputum <50% to >90% (the sensitivity depends on the pathogen load and specimen
quality, while the specificity depends on the experience of the microbiologist or pathologist), bronchoscopy
with BAL 90% to 99%, transbronchial biopsy 95% to 100%, and open lung biopsy 95% to 100%.

Polymerase chain reaction (PCR) is an emerging method for diagnosing PCP.3! The sensitivity of PCR for
bronchoalveolar lavage appears to be high; the ability of PCR to distinguish colonization from disease is less
clear.’!41,3B3-D-glucan (a component of fungal cell walls) may be elevated in patients with PCP, but the
assay’s sensitivity and specificity for establishing a PCP diagnosis are problematic,*>*¢ and other fungal
diseases can produce elevation.

Because certain processes produce similar clinical manifestations, a specific diagnosis of PCP should be
sought rather than relying on a presumptive diagnosis, especially in patients with moderate-to-severe disease.
Treatment can be initiated before making a definitive diagnosis because organisms persist in clinical
specimens for days or weeks after effective therapy is initiated.>

Preventing Exposure

Pneumocystis can be quantified in the air near patients with PCP,*” and multiple outbreaks, each caused by a
distinct strain of Pneumocystis, have been documented among kidney transplant patients.>!*® Although
these strongly suggest that high-risk patients without PCP may benefit from isolation from other patients
with known PCP infection, data are insufficient to support isolation as standard practice (CIII).

Preventing Disease
Indication for Primary Prophylaxis

HIV-infected adults and adolescents, including pregnant women and those on ART, should receive
chemoprophylaxis against PCP if they have CD4 counts <200 cells/mm?® (AI) or a history of oropharyngeal
candidiasis (AIT).'>!3* Persons who have a CD4 cell percentage of <14% or a history of an AIDS-defining
illness, but who do not otherwise qualify, should be considered for prophylaxis (BII).!>!*3 Initiation of
chemoprophylaxis at CD4 counts between 200 and 250 cells/mm? also should be considered when frequent
monitoring of CD4 counts, such as every 3 months, is impossible (BII).'* Patients receiving pyrimethamine-
sulfadiazine for treatment or suppression of toxoplasmosis do not require additional prophylaxis for PCP (AII).*

Trimethoprim-sulfamethoxazole (TMP-SMX) is the recommended prophylactic agent (AI).>**!*** One
double-strength tablet daily is the preferred regimen (AI), but one single-strength tablet daily* also is
effective and may be better tolerated than the double-strength tablet (AI). One double-strength tablet three
times weekly also is effective (BI).** TMP-SMX at a dose of one double-strength tablet daily confers cross
protection against toxoplasmosis* and many respiratory bacterial infections.**¢ Lower doses of TMP-SMX
likely also confer such protection. TMP-SMX chemoprophylaxis should be continued, if clinically feasible,
in patients who have non life threatening adverse reactions. In those who discontinue TMP-SMX because of
a mild adverse reaction, re-institution should be considered after the reaction has resolved (AII). Therapy
should be permanently discontinued (with no rechallenge) in patients with life threatening adverse reactions
including possible or definite Stevens-Johnson syndrome or toxic epidermal necrolysis (TEN) (AILI).
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Patients who have experienced adverse events, including fever and rash, may better tolerate re-introduction
of the drug if the dose is gradually increased (desensitization) according to published regimens (BI)*"*® or if
TMP-SMX is given at a reduced dose or frequency (CIII). As many as 70% of patients can tolerate such re-
institution of therapy.*

For patients who cannot tolerate TMP-SMX, alternative prophylactic regimens include dapsone (BI),*' dapsone
plus pyrimethamine plus leucovorin (BI),*->! aerosolized pentamidine administered with the Respirgard II
nebulizer (manufactured by Marquest; Englewood, Colorado) (BI),** and atovaquone (BI).">3 Atovaquone is
as effective as aerosolized pentamidine or dapsone®® but substantially more expensive than the other
regimens. For patients seropositive for Toxoplasma gondii who cannot tolerate TMP-SMX, recommended
alternatives for prophylaxis against both PCP and toxoplasmosis include dapsone plus pyrimethamine plus
leucovorin (BI),*-*! or atovaquone with or without pyrimethamine plus leucovorin (CIII).

Oral pyrimethamine plus sulfadoxine also has activity against PCP.>*3¢ However, this combination is
associated with an increased risk of severe cutaneous reactions, including Stevens-Johnson syndrome,>” and
the long half-life of both pyrimethamine and sulfadoxine results in delayed clearance when the drug is
stopped. Because TMP-SMX has superior safety, widespread availability, and is low cost, oral
pyrimethamine plus sulfadoxine should not be used in the United States (AIII).

The following regimens cannot be recommended as alternatives because data regarding their efficacy for
PCP prophylaxis are insufficient:

* Aerosolized pentamidine administered by nebulization devices other than the Respirgard II nebulizer
* Intermittently administered parenteral pentamidine

*  Oral clindamycin plus primaquine

Clinicians can consider using these agents, however, in situations in which the recommended agents cannot
be administered or are not tolerated (CIII).

Discontinuing Primary Prophylaxis

Primary Pneumocystis prophylaxis should be discontinued for adult and adolescent patients who have
responded to ART with an increase in CD4 counts from <200 cells/mm? to >200 cells/mm? for >3 months
(AI). In observational and randomized studies supporting this recommendation, most patients had CD4
counts >200 cells/mm? for more than 3 months before discontinuing PCP prophylaxis.’®%” The median CD4
count at the time prophylaxis was discontinued was >300 cells/mm?, most patients had a CD4 cell percentage
>14%, and many had sustained suppression of HIV plasma RNA levels below detection limits for the assay
employed. Median follow-up was 6 to 19 months.

Discontinuing primary prophylaxis in these patients is recommended because its preventive benefits are
limited to PCP, toxoplasmosis, and bacterial infections;**% stopping the drugs reduces pill burden, cost, and
the potential for drug toxicity, drug interactions, and selection of drug-resistant pathogens. Prophylaxis
should be reintroduced if the CD4 count decreases to <200 cells/mm? (AII).

A combined analysis of 12 European cohorts® and a case series® found a low incidence of PCP in patients with
CD4 counts between 100 and 200 cells/mm?, who were receiving ART and had HIV plasma viral loads <50 to
400 copies/mL, and who had stopped or never received PCP prophylaxis, suggesting that primary PCP
prophylaxis can be safely discontinued in selected patients with CD4 counts 100 to 200 cells/mm?* and HIV
plasma RNA levels below limits of detection with commercial assays. Data on which to base recommendations
for this approach are inadequate, but some experts believe it is reasonable and recommend it for their patients.

Treating Disease

TMP-SMX is the treatment of choice for PCP (AI).”*”! The dose must be adjusted for abnormal renal
function. Multiple randomized clinical trials indicate that TMP-SMX is as effective as parenteral
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pentamidine and more effective than other regimens. Adding leucovorin to prevent myelosuppression during
acute treatment is not recommended because efficacy is questionable and some evidence exists for a higher
failure rate (AII).”” Oral outpatient therapy with TMP-SMX is highly effective in patients with mild-to-
moderate disease (AI).”!

Mutations associated with resistance to sulfa drugs have been documented, but their effect on clinical
outcome is uncertain.”®’¢ Patients who have PCP despite TMP-SMX prophylaxis usually can be treated
effectively with standard doses of TMP-SMX (BIII).

Patients with documented or suspected PCP and moderate-to-severe disease, defined by room air pO, <70
mm Hg or Alveolar-arterial O, gradient >35 mm Hg, should receive adjunctive corticosteroids as early as
possible and certainly within 72 hours after starting specific PCP therapy (AI).””*? The benefits of starting
steroids later are unclear, but most clinicians would use them in such circumstances for patients with
moderate-to-severe disease (BIIT). Methylprednisolone at 75% of the respective prednisone dose can be used
if parenteral administration is necessary.

Alternative therapeutic regimens for mild-to-moderate disease include: dapsone and TMP (BI),"":33 which
may have efficacy similar to TMP-SMX and fewer side effects, but is less convenient because of the number
of pills; primaquine plus clindamycin (BI)***¢ (the clindamycin component can be administered
intravenously [IV] for more severe cases, but primaquine is only available orally); and atovaquone
suspension (BI),>%%7087 which is less effective than TMP-SMX for mild-to-moderate disease but has fewer
side effects. Whenever possible, patients should be tested for glucose-6-phosphate dehydrogenase (G6PD)
deficiency before primaquine or dapsone is administered.

Alternative therapeutic regimens for patients with moderate-to-severe disease include clindamycin-
primaquine or IV pentamidine (AT).2*#% Some clinicians prefer clindamycin-primaquine because of its
higher degree of efficacy and lesser toxicity compared with pentamidine.36-20-2

Aerosolized pentamidine should not be used to treat PCP because its efficacy is limited and it is associated
with more frequent relapse (AI).8°3%* Trimetrexate is no longer commercially available.

The recommended duration of therapy for PCP is 21 days (AII).!® The probability and rate of response to
therapy depend on the agent used, number of previous PCP episodes, severity of pulmonary illness, degree of
immunodeficiency, timing of initiation of therapy and comorbidities.

The overall prognosis remains poor for patients who have such severe hypoxemia that admission to an
intensive care unit (ICU) is necessary. However, in recent years, such patients have had much better survival
than in the past, perhaps because of better management of comorbidities and better supportive care.”>
Because long-term survival is possible for patients in whom ART is effective, individuals with AIDS and
severe PCP should be offered ICU admission or mechanical ventilation if their functional status is such that it
would be appropriate, just as with HIV-uninfected patients (AII).

Special Consideration with Regards to Starting ART

In patients not on ART, ART should be initiated, when possible, within 2 weeks of diagnosis of PCP (AI). In
a randomized controlled trial of 282 patients with opportunistic infections (Ols) other than TB, 63% of
whom had PCP, a significantly lower incidence of AIDS progression or death (a secondary study endpoint)
was seen in subjects randomized to early (median 12 days after initiation of therapy for OI) versus deferred
initiation of ART (median 45 days).” Of note, no patients with PCP and respiratory failure requiring
intubation were enrolled in the study.” Paradoxical immune reconstitution inflammatory syndrome (IRIS)
has been reported following PCP.!% Most cases have occurred within weeks of the episode of PCP;
symptoms include fever and recurrence or exacerbation of pulmonary symptoms including cough and
shortness of breath. Although IRIS in the setting of PCP has only rarely been life threatening,!®! patients
should be closely followed for recurrence of symptoms after initiation of ART. Management of PCP-
associated IRIS is not well defined; some experts would consider corticosteroids in patients with respiratory
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deterioration if other causes are ruled out.

Monitoring of Response to Therapy and Adverse Events (Including IRIS)

Careful monitoring during anti-PCP therapy is important to evaluate response to treatment and to detect
toxicity as soon as possible. Follow-up after therapy includes assessment for early relapse, especially when
therapy has been with an agent other than TMP-SMX or was shortened for toxicity. PCP prophylaxis should
be initiated immediately upon completion of therapy and maintained until the CD4 count is >200 cells/mm?
for at least 3 months.

In patients with AIDS, rates of adverse reaction to TMP-SMX are high (20%—85%).70-71:83.8589.102-106 Common
adverse effects are rash (30%—-55%) (including Stevens-Johnson syndrome), fever (30%—-40%), leukopenia
(30%—40%), thrombocytopenia (15%), azotemia (1%—5%), hepatitis (20%), and hyperkalemia. Supportive
care for common adverse effects should be attempted before TMP-SMX is discontinued (AIII). Rashes often
can be “treated through” with antihistamines, nausea can be controlled with antiemetics, and fever can be
managed with antipyretics.

The most common adverse effects of alternative therapies include methemoglobinemia and hemolysis with
dapsone or primaquine (especially in those with G6PD deficiency); rash and fever with dapsone;’!83
azotemia, pancreatitis, hypo- or hyperglycemia, leukopenia, electrolyte abnormalities, and cardiac
dysrhythmia with pentamidine;*’-3%!1% anemia, rash, fever, and diarrhea with primaquine and

clindamycin;”!#*# and headache, nausea, diarrhea, rash, and transaminase elevations with atovaquone.”®!%4

Managing Treatment Failure

Clinical failure is defined as lack of improvement or worsening of respiratory function documented by
arterial blood gases (ABGs) after at least 4 to 8 days of anti-PCP treatment. Failure attributed to lack of drug
efficacy occurs in approximately 10% of those with mild-to-moderate disease. No convincing clinical trials
exist on which to base recommendations for the management of treatment failure attributed to lack of drug
efficacy. Clinicians should wait at least 4 to 8 days before switching therapy for lack of clinical improvement
(BIII). In the absence of corticosteroid therapy, early and reversible deterioration within the first 3 to 5 days
of therapy is typical, probably because of the inflammatory response caused by antibiotic-induced lysis of
organisms in the lung. Other concomitant infections must be excluded as a cause of clinical failure;>*?’
bronchoscopy with BAL should be strongly considered to evaluate for this possibility, even if the procedure
was conducted before initiating therapy.

Treatment failure attributed to treatment-limiting toxicities occurs in up to one-third of patients.”' Switching
to another regimen is the appropriate management for treatment-related toxicity (BIT). When TMP-SMX is
not effective or cannot be used for moderate-to-severe disease because of toxicity, the common practice is to
use parenteral pentamidine or oral primaquine combined with intravenous clindamycin (BII).33%1% For mild
disease, atovaquone is a reasonable alternative (BII). Although a meta-analysis, systematic review, and
cohort study concluded that the combination of clindamycin and primaquine might be the most effective
regimen for salvage therapy,®*°!? no prospective clinical trials have evaluated the optimal approach to
patients who experience a therapy failure with TMP-SMX.

Preventing Recurrence

When to Start Secondary Prophylaxis

Patients who have a history of PCP should be given chemoprophylaxis for life with TMP-SMX (i.e.,
secondary prophylaxis or chronic maintenance therapy) unless immune reconstitution occurs as a result of
ART (see below) (AI).!"” For patients who are intolerant of TMP-SMX, the alternatives are dapsone, dapsone
combined with pyrimethamine, atovaquone, and aerosolized pentamidine.

Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and Adolescents  B-5



When to Stop Secondary Prophylaxis

Secondary prophylaxis should be discontinued in adult and adolescent patients whose CD4 counts have
increased from <200 to >200 cells mm? for >3 months as a result of ART (AII). Reports from observational
studies®-0>19%8:19 and from two randomized trials®®!''° and a combined analysis of eight European cohorts
being followed prospectively!!! support this recommendation. In these studies, patients responded to ART
with an increase in CD4 counts to >200 cells/mm?® for >3 months. At the time prophylaxis was discontinued,
the median CD4 count was >300 cells/mm? and most patients had a CD4 cell percentage >14%. Most
patients had sustained suppression of plasma HIV RNA levels below the limits of detection for the assay
employed; the longest follow-up was 40 months. Prophylaxis should be reintroduced if the CD4 count
decreases to <200 cells/mm® (AII).

If an episode of PCP occurs at a CD4 count >200 cells/mm?, it would be prudent to continue PCP
prophylaxis for life, regardless of how high the CD4 cell count rises as a consequence of ART (BIII).

Special Considerations During Pregnancy
PCP diagnostic considerations for pregnant women are the same as for women who are not pregnant.

Indications for therapy are the same as for non-pregnant women. Some data suggest an increased risk of
PCP-associated mortality in pregnancy compared with non-pregnant adults, although there are no large, well-
controlled studies evaluating the impact of pregnancy on PCP outcomes.!!?

The preferred initial therapy during pregnancy is TMP-SMX, although alternate therapies can be used if
patients are unable to tolerate or are unresponsive to TMP-SMX (AI).!'® In case-control studies,
trimethoprim has been associated with an increased risk of neural tube defects and cardiovascular, urinary
tract, and multiple anomalies after first-trimester exposure.!!*!'¢ One small study reported an increased risk
of birth defects in infants born to women receiving ARV drugs and folate antagonists, primarily
trimethoprim, whereas no increase was observed among those with exposure to either an ARV drug or a
folate antagonist alone.!'” Although a small increased risk of birth defects may be associated with first-
trimester exposure to trimethoprim, women in their first trimester with PCP still should be treated with
TMP-SMX because of its considerable benefit (AIII).

Although folic acid supplementation of 0.4 mg/day is routinely recommended for all pregnant women,''8
there are no trials evaluating whether supplementation at higher levels (such as the 4 mg/day recommended
for pregnant women with a previous infant with a neural tube defect) would reduce the risk of birth defects
associated with first-trimester TMP-SMX use. Epidemiologic data do suggest, however, that folic acid
supplementation may reduce the risk of congenital anomalies.!'>!'® In a large, population-based, case-control
study, the increased odds of congenital cardiovascular anomalies associated with TMP-SMX use in
pregnancy were not seen in women also receiving folic acid supplementation, most of whom received 6
mg/day (odds ratio [OR] 1.24; 95% confidence interval [CI]: 0.94-1.62).!"° Although the risk of multiple
congenital anomalies associated with TMP-SMX use persisted with supplemental folic acid, the OR
decreased from 6.4 (TMP-SMX, no folic acid) to 1.9 (TMP-SMX plus folic acid). As such, clinicians can
consider giving supplemental folic acid (>0.4 mg/day routinely recommended) to women in their first
trimester who are on TMP-SMX (BIII). On the other hand, a randomized, controlled trial demonstrated that
adding folinic acid to TMP-SMX treatment for PCP was associated with an increased risk of therapeutic
failure and death.” In addition, there are case reports of failure of TMP-SMX prophylaxis in the setting of
concurrent folinic acid use.'?° Therefore, if supplemental folic acid (>0.4 mg/day routinely recommended) is
to be given, its use should be limited to the first trimester during the teratogenic window (AIII). Whether or
not a woman receives supplemental folic acid during the first trimester, a follow-up ultrasound is
recommended at 18 to 20 weeks to assess fetal anatomy (BIII).

A randomized, controlled trial published in 1956 found that premature infants receiving prophylactic
penicillin/sulfisoxazole were at significantly higher risk of kernicterus and mortality, specifically kernicterus,
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compared with infants who received oxytetracycline.!?! Because of these findings, some clinicians are
concerned about the risk of neonatal kernicterus in the setting of maternal sulfonamide or dapsone use near
delivery, although no published studies to date link late third-trimester exposure to either drug with neonatal
death or kernicterus.

Adjunctive corticosteroid therapy should be used to improve the mother’s treatment outcome as indicated in
nonpregnant adults (AIIT).'?*1%5 Patients with documented or suspected PCP and moderate-to-severe disease,
as defined by room air pO, <70 mm Hg or arterial-alveolar O, gradient >35 mm Hg, should receive
adjunctive corticosteroids as early as possible. A systematic review of case-control studies evaluating women
with first-trimester exposure to corticosteroids found a 3.4 increase in odds of delivering a baby with a cleft
palate.'?® On the other hand, other large population-based studies have not found an association between
maternal use of corticosteroids and congenital anomalies.!?”-!2® Corticosteroid use in pregnancy may be
associated with an increased risk of maternal hypertension, glucose intolerance/gestational diabetes, and
infection.!? Maternal glucose levels should be monitored closely when corticosteroids are used in the third
trimester because the risk of glucose intolerance is increased (AIII). Moreover, women receiving 20 mg/day
of prednisone (or its dosing equivalent for other exogenous corticosteroids) for more than 3 weeks may have
a suppressed hypothalamic-pituitary-adrenal (HPA) axis and consideration should be given to the use of
stress-dose steroids during delivery (BIIT). HPA axis suppression is rarely seen among neonates born to
women on chronic corticosteroids during pregnancy.

Alternative therapeutic regimens for mild-to-moderate disease include dapsone and TMP, primaquine plus
clindamycin, atovaquone suspension, and IV pentamidine.

Dapsone appears to cross the placenta.!3%!3! It has been used safely over the past several decades to treat

leprosy, malaria, and various dermatologic conditions during pregnancy.'*"'3? Long-term therapy is
associated with a risk of mild maternal hemolysis, and exposed fetuses with G6PD deficiency are at potential
risk (albeit extremely low) of hemolytic anemia.!?

Clindamycin, which appears to cross the placenta, is a Food and Drug Administration (FDA) Pregnancy
Category B medication and considered safe for use throughout pregnancy.

Primaquine generally is not used in pregnancy because of the risk of maternal hemolysis. As with dapsone,
there is potential risk of hemolytic anemia in exposed fetuses with G6PD deficiency. The degree of
intravascular hemolysis appears to be associated with both dose of primaquine and severity of G6PD
deficiency.'**

Data on atovaquone in humans are limited but preclinical studies have not demonstrated toxicity.'*

Pentamidine is embryotoxic but not teratogenic in rats and rabbits.'¥

Pneumonia during pregnancy increases rates of preterm labor and delivery. Pregnant women with pneumonia
after 20 weeks’ gestation should be monitored for evidence of contractions (BIII).

Chemoprophylaxis for PCP should be administered to pregnant women the same as for other adults and
adolescents (AIITl). TMP-SMX is the recommended prophylactic agent. Given theoretical concerns about
possible teratogenicity associated with first-trimester drug exposures, health care providers may consider
using alternative prophylactic regimens such as aerosolized pentamidine or oral atovaquone during this
period (CIII) rather than withholding chemoprophylaxis.

Preconception Care

Clinicians who are providing pre-conception care for HIV-infected women receiving PCP prophylaxis can
discuss with their patients the option of deferring pregnancy until PCP prophylaxis can be safely
discontinued; that is, until the CD4 cell count is >200 cells/mm? for 3 months (BIII).
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Recommendations for Prevention and Treatment of Pneumocystis Pneumonia (PCP)
Preventing 1st Episode of PCP (Primary Prophylaxis)

Indications for Initiating Primary Prophylaxis:

* CD4 count <200 cells/mm3 (Al) or

* Oropharyngeal candidiasis (All) or

* CD4% <14% (BIl) or

« History of AIDS-defining illness (BII) or

* CD4 count >200 but <250 cells/mm? and if CD4 cell count monitoring (e.g., every 3 months) is not possible (BII).

Note—Patients who are receiving pyrimethamine/sulfadiazine for treatment or suppression of toxoplasmosis do not require
additional prophylaxis for PGP (All).

Preferred Therapy:
* TMP-SMX, 1 DS PO daily2 (Al) or
* TMP-SMX, 1 SS PO daily2 (Al).

Alternative Therapy:

e TMP-SMX 1 DS PO three times weeklya (BI) or

* Dapsone®® 100 mg PO daily or 50 mg PO BID (BI) or

* Dapsone® 50 mg PO daily + (pyrimethamine 50 mg + leucovorin 25 mg) PO weekly (BI) or

« (Dapsone® 200 mg + pyrimethamine 75 mg + leucovorin 25 mg) PO weekly (BI) or

* Aerosolized pentamidine® 300 mg via Respigard [I™ nebulizer every month (BI) or

* Atovaquone 1500 mg PO daily with food (BI) or

* (Atovaquone 1500 mg + pyrimethamine 25 mg + leucovorin 10 mg) PO daily with food (CIlI).

Indication for Discontinuing Primary Prophylaxis:
« CD4 count increased from <200 cells/mm? to =200 cells/mm? for at least 3 months in response to ART (Al)

Indication for Restarting Primary Prophylaxis:
* CD4 count <200 cells/mm3 (Alll)

Treating PCP

Note—Patients who develop PCP despite TMP-SMX prophylaxis usually can be treated effectively with standard doses of TMP-SMX
(BII).

For Moderate to Severe PCP—Total Duration = 21 Days (All):

Preferred Therapy:
* TMP-SMX: (TMP 15-20 mg and SMX 75-100 mg)/kg/day IV given g6h or q8h (Al), may switch to PO after clinical improvement (Al).

Alternative Therapy:

* Pentamidine 4 mg/kg IV once daily infused over at least 60 minutes (Al); may reduce the dose to 3 mg/kg IV once daily because of
toxicities (BI) or

* Primaquine® 30 mg (base) PO once daily + (Clindamycin [IV 600 g6h or 900 mg g8h] or [PO 450 mg g6h or 600 mg g8h]) (Al).

**Adjunctive corticosteroid may be indicated in some moderate to severe cases (see indications and dosage recommendations
below)

For Mild to Moderate PCP—Total Duration = 21 days (All):

Preferred Therapy:
e TMP-SMX: (TMP 15-20 mg/kg/day and SMX 75-100 mg/kg/day), given PO in 3 divided doses (Al) or

* TMP-SMX DS - 2 tablets TID (Al).

Alternative Therapy:

« Dapsone® 100 mg PO daily + TMP 15 mg/kg/day PO (3 divided doses) (BI) or

* Primaquine® 30 mg (base) PO daily + Clindamycin PO (450 mg q6h or 600 mg q8h) (BI) or
* Atovaquone 750 mg PO BID with food (BI)
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Adjunctive Corticosteroids:

For Moderate to Severe PCP Based on the Following Criteria (Al):
* Pa0; <70 mmHg at room air or

* Alveolar-arterial O, gradient =35 mmHg

Dosing Schedule:
Prednisone doses (beginning as early as possible and within 72 hours of PCP therapy) (Al):

Days 1-5 40 mg PO BID
Days 6-10 40 mg PO daily
Days 11-21 20 mg PO daily

IV methylprednisolone can be given as 75% of prednisone dose

Preventing Subsequent Episode of PCP (Secondary Prophylaxis)

Indications for Initiating Secondary Prophylaxis:
* Prior PCP

Preferred Therapy:
¢ TMP-SMX, 1 DS PO daily2 (Al) or
* TMP-SMX, 1 SS PO daily2 (Al).

Alternative Therapy:

* TMP-SMX 1 DS PO three times weekly? (Bl) or

 Dapsone®¢ 100 mg PO daily or 50 mg PO BID (BI) or

* Dapsone® 50 mg PO daily + (pyrimethamine 50 mg + leucovorin 25 mg) PO weekly (BI) or

* (Dapsone® 200 mg + pyrimethamine 75 mg + leucovorin 25 mg) PO weekly (BI) or

« Aerosolized pentamidine® 300 mg via Respigard [I™ nebulizer every month (BI) or

« Atovaquone 1500 mg PO daily with food (BI) or

* (Atovaquone 1500 mg + pyrimethamine 25 mg + leucovorin 10 mg) PO daily with food (CIII)

Indications for Discontinuing Secondary Prophylaxis:
* CD4 count increased from <200 cells/mm? to =200 cells/mm? for >3 months as a result of ART (All) or

« |f PCP diagnosed when CD4 count =200 cells/mm?, prophylaxis should be continued for life regardless of CD4 cell count rise as a
consequence of ART (BIII).

Indications for Restarting Secondary Prophylaxis:
* CD4 count falls to <200 cells/mm3 (Alll) or
« |f PCP recurred at a CD4 count =200 cells/mm3, lifelong prophylaxis should be administered (BIII).

Other Considerations/Comments:
* For patients with non-life-threatening adverse reactions to TMP-SMX, the drug should be continued if clinically feasible.

* |[f TMP-SMX is discontinued because of a mild adverse reaction, re-institution should be considered after the reaction has resolved
(All). The dose can be increased gradually (desensitization) (BI) or given at a reduced dose or frequency (CIlI).

« Therapy should be permanently discontinued, with no rechallenge, in patients with possible or definite Stevens-Johnson Syndrome
or toxic epidermal necrolysis (Alll).

a TMP-SMX DS once daily also confers protection against toxoplasmosis and many respiratory bacterial infections; lower dose also
likely confers protection.

® Whenever possible, patients should be tested for G6PD deficiency before administration of dapsone or primaquine. Alternative agent
should be used if the patient is found to have G6PD deficiency.

¢ Aerosolized pentamidine or dapsone (without pyrimethamine) should not be used for PCP prophylaxis in patients who are
seropositive for Toxoplasma gondii.

Acronyms: BID = twice daily; DS = double strength; IV = intravenously; PCP = Pneumocystis pneumonia; PO = orally; g “n” h = every
“n” hour; SS = single strength; TID = three times daily; TMP = trimethoprim; TMP-SMX = trimethoprim-sulfamethoxazole
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Toxoplasma gondii Encephalitis (Last updated May 7, 2013; last reviewed May
7,2013)

Toxoplasmic encephalitis (TE) is caused by the protozoan Toxoplasma gondii. Disease appears to occur
almost exclusively because of reactivation of latent tissue cysts.! Primary infection occasionally is associated
with acute cerebral or disseminated disease.

Epidemiology

Seroprevalence of anti-Toxoplasma antibody varies substantially among different geographic locales, with a
prevalence of approximately 11% in the United States, versus 50% to 80% in certain European, Latin
American, and African countries.*® In the era before antiretroviral therapy (ART), the 12-month incidence of
TE was approximately 33% in patients with advanced immunosuppression who were seropositive for 7.
gondii and not receiving prophylaxis with drugs against the disease. A low incidence of toxoplasmosis is seen
in patients who are seronegative for 7. gondii. If patients are truly seronegative, their toxoplasmosis
presumably represents one of three possible scenarios:

1) Primary infection,
2) Re-activation of latent disease in individuals who cannot produce detectable antibodies, or

3) Testing with insensitive assays.”

Clinical disease is rare among patients with CD4 T lymphocyte (CD4) cell counts >200 cells/uL. Patients with
CD4 counts <50 cells/uL are at greatest risk.!**? Primary infection occurs after eating undercooked meat
containing tissue cysts or ingesting oocysts that have been shed in cat feces and sporulated in the environment,
a process that takes at least 24 hours. In the United States, eating raw shellfish including oysters, clams, and
mussels recently was identified as a novel risk factor for acute infection.!” Up to 50% of individuals with
documented primary infection do not have an identifiable risk factor.!! The organism is not transmitted
through person-to-person contact.

Clinical Manifestations

Among patients with AIDS, the most common clinical presentation of 7. gondii infection is focal encephalitis with
headache, confusion, or motor weakness and fever.!* Patients may also present with non-focal manifestations,
including only non-specific headache and psychiatric symptoms. Focal neurological abnormalities may be present
on physical examination, and in the absence of treatment, disease progression results in seizures, stupor, and coma.
Retinochoroiditis, pneumonia, and evidence of other multifocal organ system involvement are rare in patients with
AIDS. Computed tomography (CT) scan or magnetic resonance imaging (MRI) of the brain will typically show
multiple contrast-enhancing lesions in the grey matter of the cortex or basal ganglia, often with associated
edema.'!?-1* Toxoplasmosis also can manifest as a single brain lesion or diffuse encephalitis without evidence of
focal brain lesions on imaging studies.'® This latter presentation tends to be rapidly progressive and fatal.

Diagnosis

HIV-infected patients with TE are almost uniformly seropositive for anti-toxoplasma immunoglobulin G (IgG)
antibodies.!*!® The absence of IgG antibody makes a diagnosis of toxoplasmosis unlikely but not impossible.
Anti-toxoplasma immunoglobulin M (IgM) antibodies usually are absent. Quantitative antibody titers are not
useful for diagnosis.

Definitive diagnosis of TE requires a compatible clinical syndrome; identification of one or more mass lesions
by CT, MRI, or other radiographic testing; and detection of the organism in a clinical sample. On imaging
studies, lesions are usually ring-enhancing and have a predilection for the basal ganglia. MRI has sensitivity
superior to that of CT studies for radiological diagnosis of TE. Positron emission tomography'* or single-photon
emission computed tomography scanning'* may be helpful in distinguishing between TE and primary central
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nervous system (CNS) lymphoma, but no imaging technique is completely specific. For TE, detection of the
organism requires a brain biopsy, which is most commonly performed by a stereotactic CT-guided needle biopsy.
Hematoxylin and eosin stains can be used for detection of 7. gondii, but sensitivity is significantly increased if
immunoperoxidase staining is used and if experienced laboratories process the specimens.!” If safe and feasible,
a lumbar puncture should be performed for 7. gondii polymerase chain reaction (PCR), as well as for cytology,
culture, cryptococcal antigen and PCR for Mycobacterium tuberculosis, Epstein-Barr Virus (EBV) and JC Virus
(JCV), either at initial presentation or subsequently, especially in patients in whom empiric therapy fails.
Detection of T gondii by PCR in CSF has high specificity (96%—-100%), but low sensitivity (50%), especially
once specific anti-toxoplasma therapy has been started.'2

The differential diagnosis of focal neurological disease in patients with AIDS most often includes primary
CNS lymphoma and progressive multifocal leucoencephalopathy (PML). In the absence of immune
reconstitution inflammatory syndrome (IRIS), PML (but not lymphoma) can be distinguished on the basis of
imaging studies. PML lesions typically involve white matter rather than gray matter, are non-contrast
enhancing, and produce no mass effect. Less common causes of focal neurologic disease in patients with AIDS
include mycobacterial infection (especially tuberculosis [TB]); fungal infection, such as cryptococcosis;
Chagas disease; and pyogenic brain abscess, particularly in IV drug abusers.

Most clinicians initially rely on an empiric diagnosis, which can be established as an objective response,
documented by clinical and radiographic improvement, to specific anti-7. gondii therapy in the absence of a
likely alternative diagnosis. Brain biopsy is reserved for patients who fail to respond to specific therapy,
although earlier biopsy should be strongly considered if results from imaging, serology, or PCR suggest an
etiology other than toxoplasmosis. In patients with contrast-enhancing mass lesions, detection of EBV and
JCV by PCR in CSF is highly suggestive of CNS lymphoma?"*? or PML,? respectively.

Preventing Exposure

HIV-infected individuals should be tested for IgG antibody to Toxoplasma soon after they are diagnosed with
HIV to detect latent infection with 7. gondii (BIII). They also should be counseled regarding sources of
Toxoplasma infection, especially if they lack IgG antibody to Toxoplasma.

To minimize risk of acquiring toxoplasmosis, HIV-infected individuals should be advised not to eat raw or
undercooked meat, including undercooked lamb, beef, pork, or venison, and not to eat raw shellfish including
oysters, clams, and mussels (BIII). Lamb, beef, venison, and pork should be cooked to an internal temperature of
165°F to 170°F;** meat cooked until it is no longer pink inside usually has an internal temperature of 165°F to
170°F, and therefore, from a more practical perspective, satisfies this requirement. To minimize the risk for
acquiring toxoplasmosis, HIV-infected individuals should wash their hands after contact with raw meat and after
gardening or other contact with soil; they should also wash fruits and vegetables well before eating them raw
(BIII). Patients who are seronegative and who own cats should be advised to have someone who is HIV-negative
and not pregnant change the litter box daily. If they must change the litter box themselves, they should wash their
hands thoroughly after doing so (BIII). HIV-infected patients also should be encouraged to keep their cats inside
and not to adopt or handle stray cats (BIII). Cats should be fed only canned or dried commercial food or well-
cooked table food, not raw or undercooked meats (BIII). Patients do not need to be advised to part with their
cats or to have their cats tested for toxoplasmosis (AII).

Preventing Disease

Indication for Primary Prophylaxis

Toxoplasma-seropositive patients who have CD4 counts <100 cells/uL should receive prophylaxis against TE
(AII).?26

The double-strength-tablet daily dose of trimethoprim-sulfamethoxazole (TMP-SMX), which is the preferred
regimen for Pneumocystis jirovecii pneumonia (PCP) prophylaxis, is effective against TE and is recommended
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(AII). TMP-SMX, one double-strength tablet three times weekly, is an alternative (BIII). If patients cannot
tolerate TMP-SMX, the recommended alternative is dapsone-pyrimethamine plus leucovorin, which is also
effective against PCP (BI).?"* Atovaquone with or without pyrimethamine/leucovorin is active against PCP
and also can be considered (CIII). Aerosolized pentamidine does not protect against TE and is not
recommended for antitoxoplasma prophylaxis (AI).?>*

Toxoplasma-seronegative persons who are not taking a PCP prophylactic regimen known to be active against
TE, such as aerosolized pentamidine, should be retested for IgG antibody to Toxoplasma when their CD4
counts decline to <100 cells/pL to determine whether they have seroconverted and therefore are at risk for TE.
Patients who have seroconverted should be administered prophylaxis for TE as previously described (AII).

Discontinuing Primary Prophylaxis

Prophylaxis against TE should be discontinued in adult and adolescent patients receiving ART whose CD4
counts increase to >200 cells/uL for more than 3 months (AI). Multiple observational studies®!-** and two
randomized trials**** have reported that primary prophylaxis can be discontinued, with minimal risk for
development of TE, in patients receiving ART whose CD4 counts increase from <200 cells/uL to >200 cells/uL
for more than 3 months. In these studies, most patients were taking HIV protease inhibitor-containing regimens
and the median CD4 count at the time prophylaxis was discontinued was >300 cells/uL. At the time prophylaxis
was discontinued, most patients had sustained suppression of plasma HIV RNA levels below the detection limits
of available assays; the median follow-up was 7 to 22 months. Patients with CD4 counts of <100 cells/uL are at
greatest risk for having TE, but the risk for TE with CD4 counts of 100 to 200 cells/uL has not been studied as
rigorously as increases to >200 cells/uL. Thus, the recommendation specifies discontinuing prophylaxis after an
increase to >200 cells/uL. When CD4 counts are >200 cells/uL for at least 3 months, primary TE prophylaxis
should be discontinued because it adds little value in preventing toxoplasmosis and increases pill burden,
potential for drug toxicity and interaction, likelihood of development of drug-resistant pathogens, and cost.
Prophylaxis for TE should be reintroduced if the CD4 count decreases to <100 to 200 cells/uL (AIII). When a
decision to stop PCP prophylaxis is contemplated in patients with CD4 counts of 100 to 200 cells/uL and plasma
HIV RNA viral loads below the limits of detection with commercial assays, toxoplasma sero-status should be
considered, because seropositive patients may then be at risk for developing TE.

Treating Disease

The initial therapy of choice for TE consists of the combination of pyrimethamine plus sulfadiazine plus
leucovorin (AI).%%¢38 Pyrimethamine penetrates the brain parenchyma efficiently even in the absence of
inflammation.*® Leucovorin reduces the likelihood of development of hematologic toxicities associated with
pyrimethamine therapy.*’ Pyrimethamine plus clindamycin plus leucovorin (AI)**" is the preferred
alternative regimen for patients with TE who cannot tolerate sulfadiazine or do not respond to first-line
therapy. It does not prevent PCP, therefore additional PCP prophylaxis must be administered when it is used
(AII) (see discussion under Preventing Recurrence).

In a small (77 patients) randomized trial, TMP-SMX was reported to be effective and better tolerated than
pyrimethamine-sulfadiazine.*! Others have reported similar efficacy in open-label observational studies.*?
TMP-SMX has less in vitro activity and experience using this drug to treat toxoplasmosis in developed
countries is limited; however, it can be considered an option if there is a valid reason not to use
pyrimethamine plus sulfadiazine. (BI)

No well-studied options exist for patients who cannot take an oral regimen. No parenteral formulation of
pyrimethamine exists and the only widely available parenteral sulfonamide is the sulfamethoxazole
component of TMP-SMX. Some specialists will use parenteral TMP-SMX (BI) or oral pyrimethamine plus
parenteral clindamycin (CIII) as initial treatment in severely ill patients who require parenteral therapy.

The following regimens have been shown to be effective in treating TE in at least two nonrandomized,
uncontrolled trials, although their relative efficacy compared with the previous regimens is unknown:
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atovaquone (with meals or oral nutritional supplements) plus either pyrimethamine plus leucovorin or
sulfadiazine or, for patients intolerant of both pyrimethamine and sulfadiazine, as a single agent (BIT)*#+% (if
atovaquone is used alone, clinicians should be aware that the absorption of the drug from patient to patient is
highly variable; plasma levels >18.5 pg/mL are associated with an improved response rate but measurements
are not routinely available);*¢ and azithromycin plus pyrimethamine plus leucovorin daily (CIT).*#

The following regimens have been reported to have activity in treatment of TE in small cohorts of patients or
in case reports of one or several patients: clarithromycin plus pyrimethamine (CIII);* 5-fluorouracil plus
clindamycin (CIII),*° dapsone plus pyrimethamine plus leucovorin (CIII);*! and minocycline or doxycycline
combined with either pyrimethamine plus leucovorin, sulfadiazine, or clarithromycin (CIII).>%* Although
the clarithromycin dose used in the only published study was 1g twice a day, doses >500 mg have been
associated with increased mortality in HIV-infected patients treated for disseminated Mycobacterium avium
Complex. Doses >500 mg twice a day should not be used (BIII).

Clinical response to acute therapy occurs in 90% of patients with TE within 14 days of initiation of
appropriate anti-toxoplasma treatment.> The reasons why some patients fail therapy are not clearly proven;
whether such failures are due to poor adherence or to other host factors of antimicrobial resistance has not
been well delineated. Acute therapy for TE should be continued for at least 6 weeks, if there is clinical and
radiologic improvement (BII).!** Longer courses may be appropriate if clinical or radiologic disease is
extensive or response is incomplete at 6 weeks. The radiologic goals for treatment include complete
resolution of the lesion(s) in terms of size and contrast enhancement, although small scars may persist
indefinitely. Adjunctive corticosteroids such as dexamethasone should only be administered to patients with
TE when they are clinically indicated to treat a mass effect associated with focal lesions or associated edema
(BIII). In those treated with corticosteroids, caution may be needed in diagnosing CNS toxoplasmosis on the
basis of treatment response, since primary CNS lymphoma may respond clinically and radiographically to
corticosteroids alone; these patients should be monitored carefully as corticosteroids are tapered. In addition,
corticosteroids should be discontinued as soon as clinically feasible because of their potential to cause
immunosuppression. Patients receiving corticosteroids should be monitored closely for development of other
opportunistic infections (Ols), including cytomegalovirus retinitis and TB.

Anticonvulsants should be administered to patients with TE who have a history of seizures (AIII), but
should not be administered prophylactically to all patients (BIII). Anticonvulsants, if administered, should
be continued at least through the period of acute therapy.

Special Considerations with Regard to Starting ART

There are no data on which to base a recommendation regarding when to start ART in a patient with TE.
However, many physicians would initiate ART within 2 to 3 weeks after the diagnosis of toxoplasmosis
(CIII), based on the significantly lower incidence of AIDS progression or death (a secondary study endpoint)
seen in the ART arm of a controlled trial of 282 patients with Ols other than TB (only 5% of whom had
toxoplasmosis) who were randomized to early (median 12 days after initiation of OI therapy) versus deferred
(median 45 days) initiation of ART.>

Monitoring of Response to Therapy and Adverse Events (including IRIS)

Changes in antibody titers are not useful for monitoring responses to therapy. Patients with TE should be
monitored routinely for adverse events and clinical and radiologic improvement (AIII). Common pyrimethamine
toxicities such as rash, nausea, and bone marrow suppression (neutropenia, anemia, and thrombocytopenia) often
can be reversed by increasing the leucovorin dose to 10, 25, or 50 mg 4 times daily (CIII).

Common sulfadiazine toxicities include rash, fever, leukopenia, hepatitis, nausea, vomiting, diarrhea, renal
insufficiency, and crystalluria. Common clindamycin toxicities include fever, rash, nausea, diarrhea
(including pseudomembranous colitis or diarrhea related to Clostridium difficile toxin), and hepatotoxicity.
Common TMP-SMX toxicities include rash, fever, leukopenia, thrombocytopenia, and hepatotoxicity.
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Common atovaquone toxicities include nausea, vomiting, diarrhea, rash, headache, hyperglycemia, and fever.
Drug interactions between anticonvulsants and antiretroviral agents should be evaluated carefully; if
necessary, doses should be adjusted or alternative anticonvulsants should be used.

IRIS associated with TE has been reported but appears to be rare (~5% in one report).>>->’ Given the rarity of
TE-associated IRIS, recommendations for management of such events are difficult to develop.

Managing Treatment Failure

A brain biopsy should be strongly considered in patients who did not have an initial biopsy prior to therapy
and who fail to respond to initial therapy for TE (BII) as defined by clinical or radiologic deterioration
during the first week despite adequate therapy, or who do not show clinical improvement within 10 to 14
days. A switch to an alternative regimen, as previously described, should be considered for those who
undergo brain biopsy and have confirmed histopathologic evidence of TE, or who have a CSF PCR positive
for T gondii (BIII). In patients who adhere to their regimens, disease recurrence is unusual in the setting of
secondary maintenance therapy after an initial clinical and radiographic response.

Preventing Recurrence
When to Start Secondary Prophylaxis

Patients who have completed initial therapy for TE should be given suppressive therapy with secondary
prophylaxis or chronic maintenance therapy (AI)**27 until immune reconstitution occurs as a consequence of
ART, in which case treatment discontinuation is indicated. The combination of pyrimethamine plus
sulfadiazine plus leucovorin is highly effective as suppressive therapy for patients with TE (AI) and provides
protection against PCP (AII). Although sulfadiazine is routinely dosed as a four-times-a-day regimen, a
pharmacokinetic study suggests bioequivalence for the same total daily dose when given either twice or four
times a day,’® and limited clinical experience suggests that twice-daily dosing is effective.’ Pyrimethamine
plus clindamycin is commonly used as suppressive therapy for patients with TE who cannot tolerate sulfa
drugs (BI). Because of the high failure rate observed with lower doses,* a dose of 600 mg clindamycin every
8 hours is recommended (CIII). Because this regimen does not provide protection against PCP (AII), an
additional agent, such as aerosol pentamidine, must be used. Atovaquone with or without pyrimethamine or
sulfadiazine is also active against both TE*+*¢ and PCP® (BII), but is substantially more expensive. A small,
uncontrolled study in patients who had been receiving ART for a median of 13 months suggested that TMP-
SMX could be used as a suppressive regimen to reduce pill burden.®!

Although there are no data on the long-term suppressive efficacy of the other alternative regimens noted
above, clinicians might consider using these agents in unusual situations in which the recommended agents
cannot be administered (CIII).

When to Stop Secondary Prophylaxis

Adult and adolescent patients receiving secondary prophylaxis or chronic maintenance therapy for TE are at
low risk for recurrence of TE when they have successfully completed initial therapy for TE, remain
asymptomatic with regard to signs and symptoms of TE, and have an increase in their CD4 counts to >200
cells/uL after ART that is sustained for more than 6 months.3?3%629 Discontinuing chronic maintenance
therapy in such patients is a reasonable consideration, although occasional recurrences have been reported.
The recommendation is based on results in a limited number of patients from observational studies and one
randomized clinical trial and inference from more extensive cumulative data indicating the safety of
discontinuing secondary prophylaxis for other Ols during advanced disease (BI). As part of the evaluation to
determine whether discontinuation of therapy is appropriate, some specialists recommend obtaining an MRI
of the brain to assess for resolution of brain lesions.

Secondary prophylaxis (chronic maintenance therapy) for TE should be reintroduced if the CD4 count
decreases to <200 cells/uL (AIII).
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Special Considerations During Pregnancy

Documentation of baseline maternal 7. gondii serologic status (IgG) should be obtained in HIV-infected women
who are pregnant. Primary 7. gondii infection can typically be distinguished from chronic infection with the use
of multiple serologic assays, including IgG, IgM, IgA, and IgE antibodies; IgG avidity; and the differential
agglutination tests.*% Pregnant HIV-infected women with suspected or confirmed primary 7. gondii infection
during pregnancy should be managed in consultation with a maternal-fetal medicine specialist or another
appropriate specialist who can perform specialized laboratory testing (BIIT)*> (e.g., the Palo Alto Medical
Foundation Toxoplasmosis Serology Laboratory; Palo Alto, CA; http://www.pamf.org/serology/ at 650-853-
4828 and toxolab@pamf.org; and the National Collaborative Chicago-based Congenital Toxoplasmosis Study;
Chicago, IL; http://www.uchospitals.edu/specialties/infectious-diseases/toxoplasmosis/ at 773-834-4131 and
rmcleod@midway.uchicago.edu).

Toxoplasmosis diagnostic considerations are the same in pregnant women as in non-pregnant women.

Indications for treatment of 7. gondii during pregnancy should be based on confirmed or suspected
symptomatic disease in the mother and the risk of transmission of the parasite from mother to fetus. Maternal
treatment of TE should be the same as in non-pregnant adults (BIII), including pyrimethamine plus
sulfadiazine plus leucovorin (AI).>*-38 This regimen is also believed to prevent mother-to-child transmission
of T. gondii and it may be therapeutic for affected fetuses.®

Although pyrimethamine has been associated with birth defects in animals, human data have not suggested
an increased risk for defects, therefore, it can be administered to pregnant women after the first trimester.®’’!
Similarly, sulfadiazine appears safe in pregnancy.’? A randomized, controlled trial published in 1956 found
that premature infants receiving prophylactic penicillin/sulfisoxazole were at significantly higher risk of
mortality (specifically kernicterus), compared with infants who received oxytetracycline.”? Because of these
findings, some clinicians are concerned about the risk of neonatal kernicterus in the setting of maternal use of
sulfa (including sulfadiazine) near delivery, although are no studies published to date link late third-trimester
maternal sulfa use and neonatal death or kernicterus.

The preferred alternative regimen for patients with TE who are unable to tolerate or who fail to respond to
first-line therapy is pyrimethamine plus clindamycin plus leucovorin (AI).**37 Clindamycin is Food and Drug
Administration Pregnancy Category B and considered safe throughout pregnancy. Atovaquone may be used
if indicated. While there are limited data on atovaquone safety in humans, preclinical studies have not
demonstrated toxicity.®®

Although perinatal transmission of 7. gondii normally occurs only with acute infection in the
immunocompetent host, case reports have documented transmission with reactivation of chronic infection in
HIV-infected women with severe immunosuppression.’®’* Pregnant HIV-infected women who have evidence
of primary toxoplasmic infection or active toxoplasmosis, including TE, should be evaluated and managed
during pregnancy in consultation with appropriate specialists (BIII). Detailed ultrasound examination of the
fetus specifically evaluating for hydrocephalus, cerebral calcifications, and growth restriction should be done
for HIV-infected women with suspected primary or symptomatic reactivation of 7 gondii during pregnancy
(AIII).% Amniocentesis does not appear to increase the risk of perinatal HIV transmission, particularly in
women receiving HAART.” Therefore, PCR of amniotic fluid can be considered during gestation in pregnant
women on ART with serologic evidence of acquired infection, and also for women with ultrasound findings
suggestive of fetal 7. gondii infection (BIII).% Because the risk for transmission with chronic infection
appears low, routine fetal evaluation for infection with amniocentesis is not indicated.

Pediatric-care providers should be informed about HIV-infected mothers who have suspected or confirmed 7.
gondii infection to allow evaluation of their neonates for evidence of congenital infection (AILI).

TMP-SMX can be administered for primary prophylaxis against TE as described for PCP (AIII). The risks of
TMP-SMX in the first trimester, as discussed for PCP, must be balanced against the risk of TE. Secondary
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prophylaxis should be provided, using the same indications as for non-pregnant women. As noted above,
pyrimethamine and sulfadiazine are considered safe in pregnancy. Clindamycin may be substituted for
sulfadiazine for sulfa-intolerant patients. Dapsone appears to cross the placenta.”®’” Over the past several
decades, dapsone (used for primary prophylaxis) has been used safely in pregnancy to treat leprosy, malaria,
and various dermatologic conditions.””® With long-term therapy, there is a risk of mild maternal hemolysis and
a potential—although extremely low—risk of hemolytic anemia in exposed fetuses with G6PD deficiency.”

Because the odds of perinatal HIV transmission decrease by 6% to 8% per week of ART, clinicians should
consider immediate initiation of ART for pregnant women who are diagnosed with TE and not yet on ART
(BIII).3*8! Because in-utero transmission of HIV is associated with HIV viremia at 30 (+/- 4) weeks’ gestation,
immediate ART is particularly indicated for women who are diagnosed with TE in the third trimester (AIII).%
When providing preconception care for HIV-infected women receiving TE prophylaxis, providers should
discuss the option of deferring pregnancy until TE prophylaxis can be safely discontinued (BIII).

Recommendations for Preventing and Treating Toxoplasma gondii Encephalitis (page 1 of 2)

Preventing 1st Episode of Toxoplasma gondii Encephalitis (Primary Prophylaxis)

Indications for Initiating Primary Prophylaxis.
« Toxoplasma IgG positive patients with CD4 count <100 cells/mm? (All)

* Toxoplasma seronegative patients receiving a PCP prophylaxis regimen not active against toxoplasmosis should have foxoplasma
serology retested if CD4 count declines to <100 cells/mm? (CHI)

* Prophylaxis against toxoplasmosis should be initiated if seroconversion occurred (All)

Note: All the recommended regimens for preventing 1st episode of toxoplasmosis are also effective in preventing PCP.

Preferred Regimen:

* TMP-SMX 1 DS PO daily (All)

Alternative Regimens:

* TMP-SMX 1 DS PO TIW (BIlI), or

* TMP-SMX SS PO daily (BIlI), or

* Dapsone® 50 mg PO daily + (pyrimethamine 50 mg + leucovorin 25 mg) PO weekly (Bl), or
* (Dapsone® 200 mg + pyrimethamine 75 mg + leucovorin 25 mg) PO weekly (Bl), or

« Atovaquone® 1500 mg PO daily (CHlI), or

« (Atovaquone® 1500 mg + pyrimethamine 25 mg + leucovorin 10 mg) PO daily (CIlI)

Indication for Discontinuing Primary Prophylaxis:
* CD4 count >200 cells/mm? for >3 months in response to ART (Al)

Indication for Restarting Primary Prophylaxis:
* CD4 count <100 to 200 cells/mm?> (Alll)

Treating Toxoplasma gondii Encephalitis

Preferred Regimen (Al):
 Pyrimethamine 200 mg PO once, followed by dose based on body weight:

* Body weight <60 kg: pyrimethamine 50 mg PO daily + sulfadiazine 1000 mg PO g6h + leucovorin 10-25 mg PO daily (can
increase to 50 mg daily or BID)

* Body weight >60 kg: pyrimethamine 75 mg PO daily + sulfadiazine 1500 mg PO g6h + leucovorin 10-25 mg PO daily (can
increase to 50 mg daily or BID)

Alternative Regimens:

* Pyrimethamine (leucovorin)® plus clindamycin 600 mg IV or PO g6h (Al); preferred alternative for patients intolerant of
sulfadiazine or who do not respond to pyrimethamine-sulfadiazine; must add additional agent for PCP prophylaxis, or

e TMP-SMX (TMP 5 mg/kg and SMX 25 mg/kg) (IV or PO) BID (BI), or
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Recommendations for Preventing and Treating Toxoplasma gondii Encephalitis (page 2 of 2)

« Atovaquone® 1500 mg PO BID + pyrimethamine (leucovorin)® (Bl), or

« Atovaquone® 1500 mg PO BID + sulfadiazine® (BI), or

« Atovaquone® 1500 mg PO BID (BII), or

* Pyrimethamine (leucovorin)® plus azithromycin 900-1200 mg PO daily (ClI)

Total Duration for Treating Acute Infection:
* At least 6 weeks (BIl); longer duration if clinical or radiologic disease is extensive or response is incomplete at 6 weeks

Chronic Maintenance Therapy for Toxoplasma gondii Encephalitis

Preferred Regimen:
* Pyrimethamine 25-50 mg PO daily + sulfadiazine 2000-4000 mg PO daily (in 2 to 4 divided doses) + leucovorin 10-25 mg PO

daily (Al)
Alternative Regimen:

« Clindamycin 600 mg PO q8h + (pyrimethamine 25-50 mg + leucovorin 10-25 mg) PO daily (BI); must add additional agent to
prevent PGP (All), or

* TMP-SMX DS 1 tablet BID (BII), or

« Atovaquone® 750-1500 mg PO BID + (pyrimethamine 25 mg + leucovorin 10 mg) PO daily, or

« Atovaquone® 750-1500 mg PO BID + sulfadiazine 2000-4000 mg PO daily (in 2 to 4 divided doses) (BII), or
« Atovaquone® 750-1500 mg PO BID (Bll)

Discontinuing Chronic Maintenance Therapy:

« Successfully completed initial therapy, remain asymptomatic of signs and symptoms of TE, and CD4 count >200 cells/mm? for >6
months in response to ART (BI)

Criteria for Restarting Secondary Prophylaxis/Chronic Maintenance
« CD4 count <200 cells/mm? (Alll)

Other Considerations:
* Adjunctive corticosteroids (e.g., dexamethasone) should only be administered when clinically indicated to treat a mass effect
associated with focal lesions or associated edema (BIIl); discontinue as soon as clinically feasible.

* Anticonvulsants should be administered to patients with a history of seizures (Alll) and continued through at least through the
period of acute treatment; anticonvulsants should not be used as seizure prophylaxis (BIII).

2 Whenever possible, patients should be tested for GBPD deficiency before administrating dapsone. Alternative agent should be used if
the patient is found to have G6PD deficiency.

b Atovaguone should be taken with meals or nutritional supplement to ensure adequate oral absorption.
¢ Pyrimethamine and leucovorin doses: Same as doses listed in Preferred Regimen for Acute Infection
d Sulfadiazine dose: Same as weight-based dose listed in Preferred Regimen for Acute Infection

Key to Acronyms: ART = antiretroviral therapy; BID = twice daily; CD4 = CD4 T lymphocyte cell; DS = double strength; G6PD =
glucose-6-phosphate dehydrogenase; IgG = immunoglobulin G; IV = intravenous; PCP = Pneumocystis Pneumonia; PO = orally; g(n)h

18t}

= every “n” hours; SS = single strength; TE = toxoplasmic encephalitis; TIW = three times a week; TMP-SMX = trimethoprim-
sulfamethoxazole
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Cryptosporidiosis (Last updated June 17, 2013; last reviewed May 7, 2013)

Epidemiology

Cryptosporidiosis is caused by various species of the protozoan parasite Cryptosporidium, which infect the
small bowel mucosa and, if symptomatic, typically cause diarrhea. Cryptosporidium can also infect other
gastrointestinal and extraintestinal sites, especially in individuals whose immune systems are suppressed.
Advanced immunosuppression—typically CD4 T lymphocyte cell (CD4) counts of <100 cells/puL'—is
associated with the greatest risk for prolonged, severe, or extraintestinal cryptosporidiosis. The three species
that most commonly infect humans are Cryptosporidium hominis, Cryptosporidium parvum, and
Cryptosporidium meleagridis. Infections are usually caused by one species, but a mixed infection is
possible.?

Cryptosporidiosis remains a common cause of chronic diarrhea in AIDS patients in developing countries,
with up to 74% of diarrheal stools demonstrating the organism.? In developed countries with low rates of
environmental contamination and where potent antiretroviral therapy (ART) is widely available,
cryptosporidiosis has decreased and occurs at an incidence of <1 case per 1000 person-years in patients with
AIDS.# Infection occurs through ingestion of Cryptosporidium oocysts. Viable oocysts in feces can be
transmitted directly through contact with infected humans or animals, particularly those with diarrhea.
Oocysts can contaminate recreational water sources such as swimming pools and lakes, and public water
supplies and may persist despite standard chlorination (see Appendix: Food and Water-Related Exposures).
Person-to-person transmission is common, especially among sexually active men who have sex with men.

Clinical Manifestations

Patients with cryptosporidiosis most commonly have acute or subacute onset of watery diarrhea, which may
be accompanied by nausea, vomiting, and lower abdominal cramping. Severity can range from asymptomatic
to profuse, cholera-like diarrhea. More severe symptoms tend to occur in immune-suppressed patients,
whereas transient diarrhea alone is typical in hosts with competent immune systems. Fever is present in
approximately one-third of patients and malabsorption is common. The epithelium of the biliary tract and the
pancreatic duct can be infected with Cryptosporidium, leading to sclerosing cholangitis and to pancreatitis
secondary to papillary stenosis, particularly among patients with prolonged disease and low CD4 cell
counts.’® Pulmonary infections also have been reported,”!® and may be under-recognized."

Diagnosis

Diagnosis of cryptosporidiosis can be made by microscopic identification of the oocysts in stool or tissue
with acid-fast staining or direct immunofluorescence, which offers better sensitivity.!> Immunofluorescence
is estimated to be 10 times more sensitive than acid-fast staining and is now the gold standard for stool
examination. Concentration methods (i.e., formalin ether or formalin-ethyl acetate) and flotation methods
(i.e., Sheather’s sucrose or sodium chloride) may facilitate diagnosis, but they are very labor intensive and
not routinely used in clinical laboratories. Antigen-detection by enzyme-linked immunosorbent assay or
immunochromatographic tests also are useful, with sensitivities reportedly ranging from 66% to 100%,
depending on the specific test. Molecular methods such as polymerase chain reaction (PCR) are even more
sensitive,'® detecting as few as five oocysts in spiked stool samples and nearly double the number of cases
identified by microscopic methods. Cryptosporidial enteritis also can be diagnosed from small sections from
intestinal biopsy.

A single stool specimen is usually adequate for diagnosis in individuals with profuse diarrheal illness,
whereas repeat stool sampling is recommended for those with milder disease.
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Preventing Exposure

HIV-infected individuals should be educated and counseled about the different ways that Cryptosporidium
can be transmitted (BIII). Modes of transmission include having direct contact with infected adults, diaper-
aged children, and infected animals; coming into contact with contaminated water during recreational
activities; drinking contaminated water; and eating contaminated food.

Detailed prevention recommendations related to food and water exposures (including methods for removing
Cryptosporidium from drinking water), pet exposures, and travel-related exposures can be found in Appendix A:
Recommendations to Help HIV-infected Patients Avoid Exposure to, or Infection from, Opportunistic Pathogens.

Scrupulous handwashing can reduce the risk of diarrhea in HIV-infected individuals, including diarrhea
caused by Cryptosporidium.'* HIV-infected patients should be advised to wash their hands after potential
contact with human feces (including after diapering small children). Hand-washing also should be
recommended in association with the following activities: after handling pets or other animals, gardening or
having other contact with soil; before preparing food or eating; and before and after sex (BIII). HIV-infected
patients should avoid unprotected sex, especially practices that could lead to direct (e.g., oral-anal) or
indirect (e.g., penile-anal) contact with feces. They should be advised to use barriers such as condoms and
dental dams during sex to reduce such exposures (BIII).

HIV-infected individuals—particularly those with CD4 counts <200 cells/uL—should avoid direct contact
with diarrhea or stool from pets (BIII). Gloves should be worn when handling feces or cleaning areas that
might have been contaminated by feces from pets (BIII). They should also limit or avoid direct exposure to
calves and lambs (BII). Paying attention to hygiene and avoiding direct contact with stool are important
when visiting premises such as farms or petting zoos where these animals are housed or exhibited.

HIV-infected individuals should not drink water directly from lakes or rivers (AIII). Waterborne infection
also can result from swallowing water during recreational activities. HIV-infected individuals should be
made aware that lakes, rivers, and salt water beaches and some swimming pools, recreational water parks,
and ornamental water fountains may be contaminated with human or animal waste that contains
Cryptosporidium. They should avoid swimming in water that is likely contaminated and should avoid
swallowing water while swimming or playing in recreational water (BIII).

Outbreaks of cryptosporidiosis have been linked to drinking water from municipal water supplies. During
outbreaks or in other situations that impose a community advisory to boil water, boiling water for at least 1
minute will eliminate the risk for cryptosporidiosis (AIII). Using submicron personal-use water filters
(home/office types) or bottled water also may reduce the risk of infection from municipal and well water (BII).

For persons with low CD4 cell counts, the magnitude of the risk of acquiring cryptosporidiosis from drinking
water in a non-outbreak setting is uncertain, and available data are inadequate to recommend that all HI'V-
infected persons boil water or avoid drinking tap water in non-outbreak settings. However, HIV-infected
individuals should consider drinking only filtered water (CIII), despite the complexities involved in selecting
appropriate products, the lack of enforceable standards for removal of oocysts, the costs of the products, and
the logistic difficulty of using these products consistently. Note that ice made from contaminated tap water
also can be a source of infection.

HIV-infected patients with low CD4 cell counts should be cautious about eating raw oysters because
cryptosporidial oocysts can survive in oysters for longer than 2 months and have been found in oysters taken
from certain commercial oyster beds (CIII). In the hospital setting, standard precautions for use of gloves and
for hand-washing after removal of gloves should be sufficient to prevent transmission of cryptosporidiosis from
an infected patient to a susceptible HIV-infected individual (BIII). Because of the potential for fomite
transmission, some specialists recommend that HIV-infected patients, especially individuals who are severely
immunocompromised, not share a room with a patient with cryptosporidiosis (CIII).

HIV-infected individuals who travel to developing countries should be warned to avoid drinking tap water or
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using tap water to brush their teeth (BIII). Ice that is not made from bottled water and consumption of raw
fruits or vegetables that could have been washed in tap water should also be avoided (BIII). HI V-infected
individuals also should avoid other sources of Cryptosporidium oocysts as much as possible (BIII). These
include working directly with people with diarrhea; with farm animals such as cattle and sheep; and with
domestic pets that are very young or have diarrhea. If exposure is unavoidable, gloves should be used and
practices for good hand hygiene observed.

Preventing Disease

Because chronic cryptosporidiosis occurs primarily in patients with advanced immunodeficiency, appropriate
initiation of combination ART before the patient becomes severely immunosuppressed should prevent this
disease (AII). Rifabutin and possibly clarithromycin, when taken for Mycobacterium avium complex
prophylaxis, have been found to protect against cryptosporidiosis.!>!® Data are insufficient, however, to
warrant a recommendation for using rifabutin or clarithromycin as chemoprophylaxis for cryptosporidiosis.

Treating Disease

In the setting of severe immune suppression, ART with immune restoration to a CD4 count >100 cells/uL
usually leads to resolution of clinical cryptosporidiosis!’?! and is the mainstay of treatment. Therefore,
patients with cryptosporidiosis should be started on ART as part of the initial management of their infection
(AII). HIV protease inhibitors (PIs) can inhibit Cryptosporidium in vitro and in animal models, and some
experts believe that PI-based ART is preferable in patients with documented cryptosporidiosis (CIII).?>?3
Management should also include symptomatic treatment of diarrhea with anti-motility agents (AIII).
Tincture of opium may be more effective than loperamide (CIII). Octreotide, a synthetic octapeptide analog
of naturally occurring somatostatin that is approved to treat secreting tumor-induced diarrhea, is no more
effective than other oral antidiarrheal agents and is usually not recommended (CII).>* Because diarrhea can
cause lactase deficiency, patients should avoid milk products (CIII).

Rehydration and repletion of electrolyte losses by either the oral or intravenous route are important. Severe
diarrhea can exceed >10 L/day among patients with AIDS, often requiring intensive support. Oral
rehydration should be pursued aggressively with oral rehydration solutions (AIII).

Patients with biliary tract involvement may require endoscopic retrograde choledocoduodenoscopy for
diagnosis. They may also benefit from sphincterotomy and/or stenting.?

Several agents have been investigated in small, randomized controlled clinical trials of HIV-infected adults,
including nitazoxanide, paromomycin, spiramycin, bovine hyperimmune colostrum, and bovine dialyzable
leukocyte extract. No pharmacologic or immunologic therapy directed specifically against Cryptosporidium
has been shown to be consistently effective when used without ART."

Nitazoxanide is an orally administered nitrothiazole benzamide with in vivo activity against a broad range of
helminths, bacteria, and protozoa.?®?’ It is approved by the U.S. Food and Drug Administration for treatment
of cryptosporidiosis in children and adults. When administered for 3 days at 500 mg twice daily to HIV-
uninfected adults with cryptosporidiosis, nitazoxanide resulted in higher rates of diarrhea resolution and
oocyst-free stools than placebo.?® In one study, HIV-infected adults with cryptosporidiosis with CD4 counts
>50 cells/uL. were treated with nitazoxanide 500 to 1000 mg twice daily for 14 days; they experienced
substantially higher rates of parasitological cure and resolution of diarrhea than those in the placebo group.?’
This finding was not confirmed, however, in two randomized trials in children.?®* Data from a
compassionate use program before the advent of potent ART, which included primarily white male adults
with median CD4 counts less than 50 cells/uL, reported that a majority of patients experienced some degree
of clinical response (reduction in frequency of total stool and of liquid stools), usually within the first week
of treatment.’® Adverse events associated with nitazoxanide are limited and typically mild, and no important
drug-drug interactions have been reported. Because of the clinical significance of cryptosporidiosis, a trial of
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nitazoxanide or other anti-parasitic drugs in conjunction with ART, but never instead of ART, can be
considered (CIII).

Paromomycin is a non-absorbable aminoglycoside indicated for the treatment of intestinal amebiasis but not
specifically approved for cryptosporidiosis. It is effective in high doses for the treatment of cryptosporidiosis
in animal models.*' A meta-analysis of 11 published studies of paromomycin in humans reported a response
rate of 67%; however, relapses were common, with long-term success rates of only 33%.% Two randomized
trials comparing paromomycin with placebo among patients with AIDS and cryptosporidiosis showed that
the drug had limited effectiveness in patients with AIDS,*>33 and a meta-analysis of the two trials found the
drug was not significantly more effective than placebo at reducing diarrheal frequency or parasite burden, but
that analysis was limited by the small sample size and methodologic problems.! One case series suggested a
better response rate in patients receiving paromomycin along with ART.** Paromomycin may be used instead
of nitazoxanide along with, but never instead of ART (CIII).

Special considerations with regard to starting ART

As noted above, patients with cryptosporidiosis should be offered ART as part of the initial management of
their infection (AII). Pls can inhibit Cryptosporidium in vitro and in animal models, thus some authorities
feel that PI-based ART is preferable in patients with documented cryptosporidiosis (CIII).?>?

Monitoring of response to therapy and adverse events (including IRIS)

Patients should be monitored closely for signs and symptoms of volume depletion, electrolyte imbalance,
weight loss, and malnutrition. Total parenteral nutrition may be indicated in certain patients (CIII). Immune
reconstitution inflammatory syndrome (IRIS) has not been described in association with treatment of
cryptosporidiosis.

Managing treatment failure

Supportive treatment and optimization of ART to achieve full virologic suppression are the only feasible
approaches to managing treatment failure (AILI).

Preventing Recurrence

No pharmacologic interventions are known to be effective in preventing the recurrence of cryptosporidiosis.

Special Considerations During Pregnancy

Rehydration and initiation of ART are the mainstays of initial treatment of cryptosporidiosis during
pregnancy, as they are in non-pregnant women (AII). Pregnancy should not preclude the use of ART and in
fact is always an indication for ART.* Nitazoxanide is not teratogenic in animals but no human data on use
in pregnancy are available. Nitazoxanide can be used in pregnancy after the first trimester in women with
severe symptoms (CIII). Limited information is available about the teratogenic potential of paromomycin,
but oral administration is associated with minimal systemic absorption, which may minimize potential risk.
Paromomycin can be used in pregnancy after the first trimester in women with severe symptoms (CIII).
Loperamide is poorly absorbed and has not been associated with birth defects in animal studies. However, a
recent study identified an increased risk of congenital malformations, and specifically hypospadias, among
683 women with exposure to loperamide early in pregnancy.*® Therefore, loperamide should be avoided in
the first trimester, unless benefits are felt to outweigh potential risks (CIII). Loperamide is the preferred anti-
motility agent in late pregnancy (CIII). Opiate exposure in late pregnancy has been associated with neonatal
respiratory depression, and chronic exposure may result in neonatal withdrawal, therefore tincture of opium
is not recommended in late pregnancy (AIII).
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Recommendations for Preventing and Managing Cryptosporidiosis

Preventing Chronic Cryptosporidiosis

¢ Because chronic cryptosporidiosis occurs primarily in persons with advanced immunodeficiency, initiation of ART before the
patient becomes severely immunosuppressed should prevent the disease (All).

Managing Cryptosporidiosis

Preferred Management Strategies:

* |nitiate or optimize ART for immune restoration to CD4 count >100 cells/mm? (All).

« Aggressive oral and/or IV rehydration and replacement of electrolyte loss (Alll), and symptomatic treatment of diarrhea with anti-
motility agent (AIl).

* Tincture of opium may be more effective than loperamide as an anti-diarrheal agent (CIlI).

Alternative Management Strategies:

No therapy has been shown to be effective without ART. Trial of these agents may be used in conjunction with, but not instead of,

ART:

* Nitazoxanide 500-1000 mg PO BID with food for 14 days (Clll) + optimized ART, symptomatic treatment, and rehydration and
electrolyte replacement, or alternatively

* Paromomycin 500 mg PO QID for 14 to 21 days (Clll) + optimized ART, symptomatic treatment and rehydration and electrolyte
replacement

Other Considerations:

« Since diarrhea can cause lactase deficiency, patients should avoid milk products (CIII).

Key to Acronyms: ART = antiretroviral therapy; IV = intraveneously; PO = orally; BID = twice a day; QID = four times a day
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Microsporidiosis (Last updated May 7, 2013; last reviewed May 7, 2013)

Epidemiology

Microsporidia are protists related to fungi, defined by the presence of a unique invasive organelle consisting
of a single polar tube that coils around the interior of the spore. They are ubiquitous organisms and are likely
zoonotic and/or waterborne in origin. The microsporidia reported as pathogens in humans include
Encephalitozoon cuniculi, Encephalitozoon hellem, Encephalitozoon (syn Septata) intestinalis,
Enterocytozoon bieneusi, Trachipleistophora hominis, Trachipleistophora anthropophthera, Pleistophora
species, P. ronneafiei, Vittaforma (syn Nosema) corneae, Microsporidium sp, Nosema ocularum, Anncaliia
(syns Brachiola/Nosema) connori, Anncaliia (syn Brachiola) vesicularum, and Anncaliia (syns
Brachiola/Nosema) algerae.'’ In the pre-antiretroviral (ART) era, reported prevalence rates of
microsporidiosis varied between 2% and 70% among HIV-infected patients with diarrhea, depending on the
diagnostic techniques employed and the patient population described.>*” The incidence of microsporidiosis
has declined with the widespread use of effective ART, but continues to occur among HIV-infected patients
who are unable to obtain ART or to remain on it.* Microsporidiosis is increasingly recognized among HIV-
uninfected persons, including children, travelers, organ transplant recipients, contact lens wearers, and the
elderly. In patients with immune suppression, clinical signs related to microsporidiosis are most commonly
observed when CD4 T lymphocyte cell (CD4) counts are <100 cells/uL.>*’

Clinical Manifestations

The most common manifestation of microsporidiosis is gastrointestinal tract infection with diarrhea;
however, encephalitis, ocular infection, sinusitis, myositis, and disseminated infection have also been
described.>*7

Clinical syndromes can vary by infecting species. E. bieneusi is associated with malabsorption, diarrhea, and
cholangitis. E. cuniculi is associated with hepatitis, encephalitis, and disseminated disease. E. intestinalis is
associated with diarrhea, disseminated infection, and superficial keratoconjunctivitis. E. hellem is associated
with superficial keratoconjunctivitis, sinusitis, respiratory disease, prostatic abscesses, and disseminated
infection. Anncaliia and Trachipleistophora are associated with keratoconjunctivitis. Nosema, Vittaforma,
and Microsporidium are associated with stromal keratitis following trauma in immunocompetent hosts.
Pleistophora, Anncaliia, and Trachipleistophora are associated with myositis. Trachipleistophora is
associated with encephalitis and disseminated disease.

Diagnosis

Effective morphologic demonstration of microsporidia by light microscopy can be accomplished with
staining methods that produce differential contrast between the spores of the microsporidia and the cells and
debris in clinical samples such as stool. In addition, because of the small size of the spores (1-5 mm),
magnification up to 1,000 times is required for visualization. Chromotrope 2R and the fluorescent

brighteners calcofluor white and Uvitex 2B are useful as selective stains for microsporidia in stool and other
body fluids.®

In biopsy specimens, microsporidia can be visualized with Giemsa, tissue Gram stains (Brown-Hopps Gram
stain), calcofluor white or Uvitex 2B (fluorescent brighteners) staining, Warthin-Starry silver staining, or
Chromotrope 2A.6 In gastrointestinal disease, examination of three stools with chromotrope and
chemofluorescent stains is often sufficient for diagnosis. If stool examination is negative and
microsporidiosis is suspected, a small bowel biopsy may be useful. If the etiologic agent is Encephalitozoon
or Trachipleistophora sp., examination of urine often also reveals the organism. Determination of the species
of microsporidia causing disease can be made by the morphology of the organism demonstrated by
transmission electron microscopy, by staining with species-specific antibodies, or by polymerase chain
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reaction using species- or genus-specific primers.®® Assistance of specialists familiar with the species
differentiation of microsporidia should be sought.

Preventing Exposure

Patients with AIDS who have CD4 counts <200 cells/uL should avoid untreated water sources (AILI).
Additional recommendations include general attention to hand washing and personal hygiene, avoiding
eating undercooked meat or seafood, and limiting exposure to animals known to be infected with
microsporidia (BIII).'” The precautions described in the section on cryptosporidiosis also are applicable to
microsporidiosis (see also Appendix: Food and Water-Related Exposures).

Preventing Disease

Because chronic microsporidiosis occurs primarily in patients with advanced immunodeficiency, appropriate
initiation of combination ART before the patient becomes severely immunosuppressed should prevent this
disease (AII). No specific chemoprophylactic regimens are known to be effective in preventing
microsporidiosis.

Treating Disease

Data suggest that treatment with ART enables a patient’s own defenses to eradicate microsporidia,'"'? and
administration of ART with immune restoration (an increase in CD4 count to >100 cells/uL) is associated
with resolution of symptoms of enteric microsporidiosis, including that caused by E. bieneusi.'"'* All
patients therefore should be offered ART as part of the initial management of microsporidial infection (AII).
They should be given fluid support if they have signs of diarrhea and dehydration (AII). Patients with
malnutrition and wasting should be treated with nutritional supplementation (AIIl). Antimotility agents can
be used if required for diarrhea control (BIII).

No specific therapeutic agent is available for E. bieneusi infection. A controlled clinical trial suggested that
E. bieneusi infection may respond to oral fumagillin (60 mg/day), a water-insoluble antibiotic made by
Aspergillus fumigatus (BIT),'>'¢ or to its synthetic analog, TNP-470 (BIII).'” However, fumagillin and TNP-
470 are not available for systemic use in the United States. One report indicated that treatment with
nitazoxanide might resolve chronic diarrhea caused by E. bieneusi in the absence of ART;'® however, the
effect appeared to be minimal among patients with low CD4 cell counts. Therefore, this drug cannot be
recommended with confidence (CIII).

Albendazole, a benzimidazole that binds to B-tubulin, has activity against many species of microsporidia, but
it is not effective against Enterocytozoon infections or V. corneae. The tubulin genes of both E. bieneusi'® and
V corneae® have amino acid residues associated with albendazole resistance. Albendazole is only
recommended for initial therapy of intestinal and disseminated microsporidiosis caused by microsporidia
other than E. bieneusi and V. corneae (AII).?'-?

Itraconazole may be useful in disseminated disease when combined with albendazole, especially in infections
caused by Trachipleistophora or Anncaliia (CIII). Treatment with furazolidone (an agent that is not currently
available in the United States) combined with albendazole was reported to improve clinical signs in four
HIV-infected patients with persistent diarrhea and E. bieneusi infection (CIIT);?* however, furazolidone has
not been demonstrated to be active in other case reports. Metronidazole and atovaquone are not active in
vitro or in animal models and should not be used to treat microsporidiosis (AII).

Ocular infections caused by microsporidia should be treated with topical Fumidil B (fumagillin
bicylohexylammonium) in saline (to achieve a concentration of 70 ug/mL of fumagillin) (BII).?! Topical
fumagillin is the only formulation available for treatment in the United States and is investigational.
Although clearance of microsporidia from the eye can be demonstrated, the organism often is still present
systemically and can be detected in urine or in nasal smears. Therefore, the use of albendazole as a
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companion systemic agent to fumagillin is recommended in ocular infections (BIII).

Special Considerations with Regard to Starting ART

As noted above, all patients should be offered ART as part of the initial management of microsporidial
infection and also fluid support if they have signs of diarrhea and dehydration (AII). Data suggest that
treatment with ART, which results in immune reconstitution, enables a patient’s own defenses to eradicate
microsporidia.'!!?

Monitoring of Response to Therapy and Adverse Events (Including IRIS)

Although side effects with albendazole are rare, hepatic enzymes should be monitored because elevations
have been reported. Albendazole is not known to be carcinogenic or mutagenic. Topical fumagillin has not
been associated with substantial side effects. Oral fumagillin has been associated with thrombocytopenia,
which is reversible on stopping the drug.

One report of immune reconstitution inflammatory syndrome (IRIS) has been described in an HIV-infected
patient treated with ART in the setting of E. bieneusi infection;?® however, no IRIS reactions have been
reported with other species of microsporidia or with other cases of E. bieneusi. Concerns about IRIS should
not alter therapy or the institution of ART (AIII).

Managing Treatment Failure

Supportive treatment and optimization of ART to attempt to achieve full virologic suppression are the only
currently feasible approaches to managing treatment failure (AIII).

Preventing Recurrence

In individuals with relatively competent immune systems (>200 CD4 cells/uL blood), treatment can probably
be discontinued after ocular infection resolves (CIII), but it should be continued indefinitely if CD4 counts
fall below 200 cells/uL blood because recurrence or relapse may occur after treatment discontinuation (BIIT).
Whether it is safe to discontinue treatment for other manifestations after immune restoration with ART is
unknown. Based on experience with discontinuation of secondary prophylaxis for other opportunistic
infections, it is reasonable to discontinue chronic maintenance therapy in patients who no longer have signs
and symptoms of microsporidiosis and have a sustained increase in their CD4 counts to levels >200 cells/uL
for 6 months after ART (BIII).'?

Special Considerations During Pregnancy

Rehydration and initiation of ART should be the mainstays of initial treatment of cryptosporidiosis during
pregnancy, as in nonpregnant women (AII). In rats and rabbits, albendazole is embryotoxic and teratogenic
at exposure levels less than that estimated with therapeutic human dosing. There are no adequate and well-
controlled studies of albendazole exposure in early human pregnancy. A recent randomized trial in which
albendazole was used for second-trimester treatment of soil-transmitted helminth infections found no
evidence of teratogenicity or other adverse pregnancy effects.?

Based on these data, albendazole is not recommended for use during the first trimester (BIII); use in later
pregnancy should be considered only if benefits are felt to outweigh potential risk (CIII). Systemic
fumagillin has been associated with increased resorption and growth retardation in rats. No data on use in
human pregnancy are available. However, because of the antiangiogenic effect of fumagillin, this drug
should not be used systemically in pregnant women (AIII). Topical fumagillin has not been associated with
embryotoxic or teratogenic effects and can be considered when therapy with this agent is appropriate (CIII).
Furazolidone is not teratogenic in animal studies, but human data are limited to a case series that found no
association between first-trimester use of furazolidone and birth defects in 132 exposed pregnancies.?’ Case
reports exist of birth defects in infants exposed to itraconazole, but prospective cohort studies of more than
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300 women with first-trimester exposure did not show an increased risk of malformation.?®?° In general,
however, azole antifungals should be avoided during the first trimester (BIII). Loperamide is poorly
absorbed and has not been associated with birth defects in animal studies. However, a recent study identified
an increased risk of congenital malformations, and specifically hypospadias, among 683 women with
exposure to loperamide early in pregnancy.*® Therefore, loperamide should be avoided in the first trimester,
unless benefits are felt to outweigh potential risks (CIII). Loperamide is the preferred antimotility agent in
late pregnancy (CIII). Opiate exposure in late pregnancy has been associated with neonatal respiratory
depression, and chronic exposure may result in neonatal withdrawal, therefore tincture of opium is not
recommended in late pregnancy (AIII).

Recommendations for Managing Microsporidiosis

Preventing Chronic Microsporidiosis

* Because chronic microsporidiosis occurs primarily in persons with advanced immunodeficiency, initiation of ART before the
patient becomes severely immunosuppressed should prevent the disease (All).

Managing Microsporidiosis

« Initiate or optimize ART with immune restoration to CD4 count >100 cells/mm? (All).
« Severe dehydration, malnutrition, and wasting should be managed by fluid support (All) and nutritional supplements (Alll).
* Anti-motility agents can be used for diarrhea control, if required (BIlI).

For Gastrointestinal Infections Caused by Enterocytozoon bieneusi
* The best treatment option is ART and fluid support (All).
* No specific therapeutic agent is available for this infection.

* Fumagillin 60 mg PO daily (BIl) and TNP-470 (BIll) are two agents that have some effectiveness, but neither agent is available in
the United States.

« Nitazoxanide may have some effect, but the efficacy is minimal in patients with low CD4 cell count, and cannot be recommended
(ci.

For Intestinal and Disseminated (Not Ocular) Infection Caused by Microsporidia Other Than E. bieneusi and Vittaforma corneae:

« Albendazole 400 mg PO BID (All), continue until CD4 count >200 cells/mm? for >6 months after initiation of ART (BIII)

For Disseminated Disease Caused by Trachipleistophora or Anncaliia
* [traconazole 400 mg PO daily + albendazole 400 mg PO BID (CIII)

For Ocular Infection:

* Topical fumagillin bicylohexylammonium (Fumidil B) 3 mg/mL in saline (fumagillin 70 pg/mL) eye drops—2 drops every 2 hours
for 4 days, then 2 drops QID (investigational use only in United States) (BIl), plus albendazole 400 mg PO BID for management of
systemic infection (BIII)

« For patients with CD4 count >200 cells/mm?, therapy can probably be discontinued after ocular infection resolves (CIII).

« For patients with CD4 count <200 cells/mm?, therapy should be continued until resolution of ocular symptoms and CD4 count
increases to >200 cells/uL for at least 6 months in response to ART (BIII)

Key to Acronyms: ART = antiretroviral therapy; BID = twice daily; PO = orally, QID = four times daily
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Mycobacterium tuberculosis Infection and Disease (Last updated
May 7, 2013; last reviewed May 7, 2013)

Epidemiology

Tuberculosis (TB) infection occurs when a susceptible person inhales droplet nuclei containing
Mycobacterium tuberculosis organisms. The immune response usually limits multiplication of tubercle
bacilli within 2 to 12 weeks after infection. However, viable bacilli persist for years, a condition referred to
as latent TB infection (LTBI). Individuals with LTBI are asymptomatic and are not infectious. TB disease
(clinically active disease, often with positive cultures) can develop soon after exposure (primary disease) or
after reactivation of latent infection.

In individuals with LTBI, the risk of reactivation with TB disease increases very soon after HIV infection.!
The estimated annual risk of reactivation with TB disease among those with untreated HIV infection and
LTBI is 3% to 16% and approximates the lifetime risk for H[V-uninfected individuals with LTBI (~5%).2 TB
disease can occur at any CD4 T lymphocyte (CD4 cell) count, although the risk increases with progressive
immunodeficiency.’

Antiretroviral therapy (ART) results in a prompt and marked decrease in the incidence of TB disease, an
effect that has been documented in settings with low* and high case rates.® Even with the beneficial effects
of ART, HIV-infected patients remain at higher risk of TB disease than the general population.’

Rates of TB in the United States are declining, with 3.6 new cases per 100,000 population reported in 2010%
(a total of 11,182 cases). The prevalence of LTBI in the general population of the United States is 4%.° The
incidence of HIV-related TB has declined more rapidly than the rate of active TB in the general population,'
which is probably related to the widespread use of ART. In recent years there have been fewer than 1000 new
cases of HIV/TB co-infection identified per year in the United States.®!:12

As with TB in the general U.S. population, HIV-related TB disease is increasingly seen in people born
outside of the United States.!° Notably, TB disease has not decreased significantly in recent years among
foreign-born persons with HIV disease in the United States.!®!3

Despite these favorable epidemiological trends, TB remains an important opportunistic illness in the United
States. In the era of potent ART, TB disease remained the second most common initial opportunistic illness in
New York City.'* Unlike most opportunistic infections (OlIs), TB is transmissible, particularly to others who
are HIV-infected. Therefore, clinicians caring for patients with HIV must remain vigilant in efforts to prevent
TB, knowledgeable about the clinical presentation of HIV-related TB, and cognizant of the complexities of
cotreatment of HIV and TB.

Preventing Exposure

The most common predisposing factor for TB is birth or residence outside of the United States. Therefore,
patients with HIV infection who travel or work internationally in settings with a high prevalence of TB
should be counseled about the risk of TB acquisition and the advisability of testing for LTBI upon return
(AIII). Although some health care and correctional settings in the United States present risks of TB
exposure, HIV-infected individuals need to take no precautions beyond those recommended for anyone in
those environments (AILI).

Preventing Disease-Diagnosis and Treatment of Latent TB Infection

The estimated annual risk of active TB among HIV-infected patients with LTBI is 3 to 12 times higher than
for the general population.'>!® Furthermore, development of HIV-related TB increases viral load!” and the
risk of HIV disease progression!” and death'® compared with CD4-matched, HIV seropositive controls.
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Among HIV-infected individuals, treatment of LTBI decreases the risk of TB disease by 62% and the risk of
death by 26%.'° Therefore, prevention of TB disease by screening for and appropriately treating LTBI is a
key component of HIV care.

Diagnosis of Latent Tuberculosis Infection

Testing for LTBI at the time of HIV diagnosis should be routine, regardless of an individual’s epidemiological
risk of TB exposure. Individuals with negative diagnostic tests for LTBI who have advanced HIV infection
(CD4 cell count <200 cells/mm?) and no indications for initiating empiric LTBI treatment should be retested for
LTBI once they start ART and attain a CD4 count >200 cells/mm?.2*?! Annual testing for LTBI is recommended
only for HIV-infected patients who are at high risk of repeated or ongoing exposure to those with active TB.

Traditionally, LTBI has been defined by the presence of a positive tuberculin skin test (TST) (=5 mm of
induration at 48—72 hours) in individuals with no clinical or radiographic evidence of TB disease. Although
experience with the TST in HIV-infected individuals is extensive, it has several disadvantages: the requirement
for two visits to place and read the test, decreased specificity in those who received Bacillus Calmette-Guerin
(BCG) vaccination, and decreased sensitivity in those with advanced immunodeficiency.?? Limitations of the
TST have led to interest in interferon-gamma release assays (IGRAs) for detection of LTBI.

Current evidence suggests that IGRAs have higher specificity (92%-97%) than TST (56%—-95%), better
correlation with surrogate measures of exposure to M. tuberculosis,?® and less cross reactivity because of
BCG vaccination or other non-tuberculous mycobacteria exposure.?*? Three IGRAs are Food and Drug
Administration (FDA) approved and available in the United States. Progressive immunodeficiency is
associated with decreased sensitivity of IGRAs, although immunodeficiency may have less impact on the
sensitivity of IGRAs than on the sensitivity of TST.?

In HIV-infected patients, the correlation between TST and IGRAS is poor to moderate.?”?® In prospective
studies, positive results with either TST or IGRA were associated with an increased risk of developing TB
disease;?** in some studies, patients with a positive IGRA were at a higher risk of subsequently developing
TB disease than were those with a positive TST.*!*? For all of its limitations, TST response remains strongly
predictive of response to isoniazid preventive therapy among those with HIV infection.!” Whether the same

is true of the IGRAs remains to be demonstrated.

In programmatic settings in the United States, TB screening based on the TST has been suboptimal, with
only 47% to 65% of patients completing screening.*>-*> A higher proportion of patients may complete
screening for TB if testing is done with IGRAs.

No definitive comparisons have been done of TST and IGRAs for screening HIV-infected individuals in low-
burden settings such as the United States. Both TST and the FDA-approved IGRAs are appropriate for TB
screening in HIV-infected individuals.*® Some experts have suggested using both TST and IGRA to screen
for LTBI, but the predictive value of this approach is unclear, and it would be more expensive and more
difficult to implement. Routine use of both TST and IGRAs to screen for LTBI is not recommended in the
United States.>

Patients with TB disease often demonstrate immune reactivity against M. tuberculosis in TST and IGRA
testing. Therefore, any positive result with TST or IGRA should trigger expeditious evaluation for the
possibility of active TB. Most, but not all, HIV-infected individuals with TB disease have symptoms; the
absence of any symptoms has a 97% negative predictive value for culture-positive TB.3” The addition of a
chest radiograph improves the sensitivity of symptom screening algorithms. Sputum culture is the gold
standard for diagnosing pulmonary TB disease but is not cost effective for screening HIV-infected patients
who are asymptomatic, particularly in the United States, where TB prevalence is very low. Therefore,
screening for symptoms (asking for cough of any duration) coupled with chest radiography is recommended
to exclude TB disease in a patient with a positive TST or IGRA.
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When to Start Primary Prophylaxis (i.e., Treating Latent Tuberculosis Infection)

HIV-infected individuals who test positive for LTBI but have no evidence of TB disease should receive LTBI
treatment (AI). HIV-infected close contacts of anyone who has infectious TB also should receive
prophylaxis, regardless of results of screening tests for LTBI (AII). Notably, for HIV-infected individuals
who are anergic and have not had recent contact with anyone with infectious TB, treatment of LTBI is not
associated with clinical benefit and is not recommended (AI).3%!

Preferred and Alternative Drugs for Treatment of Latent Tuberculosis Infection

Isoniazid administered for 9 months remains the preferred therapy, with proven efficacy, good tolerability,
and infrequent severe toxicity (AII). Isoniazid can potentiate the risk of peripheral neuropathy when used
with some antiretroviral (ARV) drugs, most notably the dideoxynucleosides (didanosine, stavudine), which
are seldom used in clinical practice in the United States. Isoniazid, when used with efavirenz- or nevirapine-
based regimens, does not significantly increase risk of hepatitis—the most important adverse effect.***
Isoniazid should be supplemented with pyridoxine at a dose of 25 mg/day to prevent peripheral neuropathy
(AIID). A significant disadvantage of the 9-month regimen is that most patients in the United States and
Canada do not complete all 9 months of therapy.***¢ Shorter regimens are more likely to be completed.*-4¢
Recent data from an open-label, randomized non-inferiority trial comparing a 3-month regimen of isoniazid
plus rifapentine, given by directly observed therapy (DOT) once weekly, with a 9-month regimen of self-
administered once daily isoniazid demonstrated that, after 33 months of follow-up, the 3-month
isoniazid-rifapentine regimen was as effective as the 9-month isoniazid regimen.*’ The shorter course
regimen had the advantage of a higher completion rate. These results led to a recent Centers for Disease
Control and Prevention (CDC) recommendation that 3-months of once weekly isoniazid-rifapentine given by
DOT can be used as an equal alternative to the standard 9-month regimen.*® However, the 3-month regimen
is not recommended for HIV-infected patients receiving ART because of potentially significant drug
interactions between rifapentine and some ARV drugs (AIII).*® Other alternative therapies for
chemoprophylaxis are shown in Table 1; the regimen of 2 months rifampin plus pyrazinamide is not
recommended because of the risk of severe and sometimes fatal hepatotoxicity (AII). Rifampin- or
rifabutin-containing regimens may require dose adjustments of ARV or rifabutin (Table 5).

LTBI treatment and ART act independently to decrease the risk of TB disease.*->! Therefore, use of both
interventions is recommended for those who have LTBI and an indication for ART (AII).

Monitoring of Response to Treatment of Latent Tuberculosis Infection

Patients receiving daily LTBI treatment through self-administration should be seen by the prescribing clinician
on a monthly basis to assess adherence and evaluate for possible drug toxicity; generally, not more than 1
month’s supply of drugs should be prescribed. Individuals taking a twice-weekly regimen should receive LTBI
treatment by direct observation. Risk of hepatitis from isoniazid prophylaxis may not be higher in HIV-infected
individuals than those who are uninfected, but baseline measurements of serum aspartate aminotransferase
(AST) or alanine aminotransferase (ALT) and total bilirubin are recommended, and if results are abnormal,
testing should be repeated.” Individuals with concomitant chronic viral hepatitis may be at increased risk of
isoniazid-related hepatotoxicity, and they should be treated for LTBI and closely monitored. With isoniazid,
liver enzymes typically increase in the first 3 months but then (through the process of hepatic adaptation) return
to normal despite continued therapy. LTBI treatment should be stopped in asymptomatic patients who have a
more-than-fivefold increase in AST levels above the upper limit of normal (ULN), symptomatic patients who
have a more-than-threefold increase above ULN in AST levels, and patients regardless of symptoms with
baseline abnormal transaminases who have a more-than-twofold increase above their baseline AST levels.
Patients should be reminded at each visit about potential adverse effects (i.e., unexplained anorexia, nausea,
vomiting, dark urine, icterus, rash, persistent paresthesias of the hands and feet, persistent fatigue, weakness or
fever lasting 3 days or more, abdominal tenderness, easy bruising or bleeding, and arthralgia) and told to
immediately stop isoniazid and return to the clinic for an assessment.
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The ultimate decision regarding resumption of therapy with the same or a different agent for LTBI treatment
should be made after weighing the risk of additional hepatic injury against the benefit of preventing
progression to TB disease™ and in consultation with an expert in treating LTBI.

Clinical Manifestations of Tuberculosis Disease

Common clinical symptoms of TB disease include productive cough, fever, sweats, weight loss, and fatigue.
Culture-positive TB disease can be sub-clinical or oligo-symptomatic.’” After initiation of ART, immune
reconstitution can unmask subclinical active TB, resulting in pronounced inflammatory reactions at the sites
of infection.

In HIV-infected individuals, the presentation of active TB disease is influenced by the degree of
immunodeficiency.’** In HIV-infected patients without pronounced immunodeficiency, (that is, CD4 cell
counts >350 cells/mm?®), HIV-related TB clinically resembles the disease seen in HIV-uninfected patients.
Most patients have disease limited to the lungs, and common chest radiographic manifestations include upper
lobe fibronodular infiltrates with or without cavitation.> Extrapulmonary disease is more common in HIV-
infected individuals than in those who are uninfected, regardless of CD4 cell counts, although clinical
manifestations are not substantially different from those described in HIV-uninfected individuals. TB must be
considered in disease processes involving any site in the body,*® but especially those related to central
nervous system (CNS) or meningeal symptoms in which early TB treatment is essential to improve
outcomes.’”*8

In patients with advanced HIV disease, the chest radiographic findings of pulmonary TB are markedly
different than those in patients with less severe immunosuppression. Lower lobe, middle lobe, interstitial,
and miliary infiltrates are common and cavitation is less common.>*3 Intrathoracic lymphadenopathy is
common, with mediastinal involvement seen more often than hilar adenopathy. Even with normal chest
radiographs, patients with HIV infection and pulmonary TB may test positive on acid-fast bacilli (AFB)
sputum smears and cultures, particularly if they have cervical node involvement.

The greater the degree of immunodeficiency, the higher the likelihood of extrapulmonary TB, such as
lymphadenitis; pleuritis; pericarditis; and meningitis, all with or without pulmonary involvement, and it is
found in most TB patients with CD4 cell counts <200 cells/mm?.>* In these individuals, TB can be a severe
systemic disease with high fevers, rapid progression, and sepsis syndrome.*

Histopathologic findings also are affected by the degree of immunodeficiency. Patients with relatively intact
immune function have typical granulomatous inflammation associated with TB disease. With progressive
immunodeficiency, granulomas become poorly formed or may be completely absent.>*

Diagnosis of Tuberculosis Disease

Initial diagnostic testing is directed at the anatomic site of symptoms or signs, such as the lungs, lymph
nodes, and cerebrospinal fluid (CSF). Even in the absence of pulmonary symptoms or signs, the initial
evaluation of a patient suspected of having HIV-related TB should always include a chest radiograph;
pulmonary involvement is common whatever the CD4 cell count.’”*' However, chest radiography is an
imperfect screen for sputum culture-positive TB, particularly in patients with advanced immunodeficiency.
Therefore, sputum smear and culture should be considered in symptomatic patients with normal chest
radiographs who are being evaluated for possible TB disease.

Sputum smear-negative TB is common in HIV-infected patients, particularly those with advanced
immunodeficiency and noncavitary disease.’> However, the yield of sputum mycobacterial culture is not
affected by HIV or the degree of immunodeficiency. If a sensitive broth culture technique is used, the
sensitivity of sputum culture is quite high. Smear and culture of three sputum specimens is recommended, in
that there was a 10% incremental yield for broth culture between the second and third specimens in a recent
large study of patients with HIV.%
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Nodal involvement is common in HIV-related TB, and the combined yield of histopathology, smear, and
culture from needle aspirates of enlarged lymph nodes is quite high.®* Pleural fluid, pericardial fluid, ascites,
and CSF should be sampled if there is clinical evidence of involvement. The yield of mycobacterial urine and
blood cultures depends upon the clinical setting; in patients with advanced immunodeficiency, the yield of
culture from these two readily available body fluids can be relatively high3*3¢ and may allow definitive
diagnosis and a source for an isolate for drug-susceptibility testing.

Nucleic-acid amplification (NAA) tests provide rapid diagnosis of TB, in contrast to the prolonged time
needed for detection of mycobacterial growth, and can be considered for patients with advanced
immunodeficiency who are at risk of rapid clinical progression of TB (some assays also provide rapid
detection of drug resistance as discussed below). NAA tests have at least two uses in patients with suspected
HIV-related TB. First, they are highly predictive of TB in specimens that are AFB smear-positive. Non-
tuberculous mycobacterial infections are relatively common in patients with advanced immunodeficiency,
and NAA tests can be used to direct therapy and make decisions about the need for respiratory isolation in
patients with a smear-positive specimen. Second, NAA tests are more sensitive than AFB smear, producing
positive results for 50% to 80% of smear-negative, culture-positive specimens.®>%® Therefore, the use of a
NAA test is recommended on at least one specimen from all patients being evaluated for suspected
pulmonary TB.%” The NAA tests currently available are licensed only for evaluation of sputum samples;
much less experience exists with samples from extrapulmonary sites.

Immunological screening for TB with TST and IGRA may be helpful in unusual circumstances that make it
difficult to obtain definitive culture evidence for active TB; evidence of prior infection increases the
likelihood that a clinical illness may be TB. A negative test, however, should never be interpreted as ruling
out TB disease.

Drug-susceptibility testing should be performed on the initial isolates from all patients suspected of having
TB because resistance to isoniazid and/or rifampin is associated with an increased risk of treatment failure,
recurrent TB, and amplification of resistance to additional TB medications.®® The presence of multidrug-
resistant TB (MDR TB; defined as resistance to at least isoniazid and rifampin) or extensively drug-resistant
TB (XDR TB; defined as MDR TB with additional resistance to a fluoroquinolone and either kanamycin,
amikacin, or capreomycin) is associated with a markedly increased risk of death.® Thus, early identification
of drug resistance, with appropriate adjustment of therapy based on results, is critical to successfully treating
TB disease and to curbing transmission of drug-resistant M. tuberculosis.

Drug-susceptibility testing to first-line TB drugs (i.e., isoniazid, rifampin, ethambutol, and pyrazinamide)
should be performed on all patients with TB disease, regardless of the source of the specimen. These tests
should be repeated if sputum cultures remain positive for M. tuberculosis at or after 4 months of treatment or
become positive 1 month or longer after culture conversion to negative. Drug susceptibility testing for
second-line TB medications (e.g., fluoroquinolones, aminoglycosides, capreomycin, ethionamide) should be
performed only in reference laboratories that have substantial experience with these techniques and should be
limited to specimens with resistance to first-line TB medications.

Conventional drug-susceptibility testing is widely used and has been well validated for first-line drugs. The
disadvantage of this technique, however, is the combined turnaround time for culture and drug-susceptibility
testing, which can be as long as 6 weeks’® because of the slow growth of M. tuberculosis in culture. During
this time, patients with drug-resistant TB may be receiving ineffective, empiric first-line TB therapy, which
could allow for ongoing transmission, further clinical deterioration, and death—particularly in HIV-infected
individuals.®

Genotypic testing, which identifies drug-resistance mutations, allows rapid detection of resistance. The
relationship between these mutations and drug resistance has been studied for a number of TB medications,”
and commercial tests have been developed and validated to identify genotypic resistance for rifampin®’> and
isoniazid.” Development is under way of commercial tests to identify genotypic resistance to other TB
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medications.” Genotypic assays can provide a result in 24 hours and can be performed directly on sputum
specimens.

Clinicians who suspect that an HIV-infected patient has drug-resistant TB should make every effort to
expedite diagnosis. In the United States, the CDC Division of TB Elimination has a Molecular Detection of
Drug Resistance service to make rapid molecular testing for first-and second-line TB medications available
for patients who have or are suspected to have TB and do not have local access to such testing
(http://www.cdc.gov/tb/topic/laboratory/default.htm).

Drug resistance should be considered in any patient with:

* known exposure to an individual with drug-resistant TB

+ residence in a setting with high rates of primary drug-resistant TB, such as a country or area with high
rates of drug-resistant TB in newly diagnosed patients’™

» persistently positive smear or culture results at or after 4 months of treatment

* previous TB treatment, particularly if it was not directly observed or was interrupted for any reason.

Treating Disease

In some settings in the United States, non-tuberculous mycobacterial infections are more common than TB
among HIV-infected patients. However, because TB is highly virulent and represents a greater risk of
transmission to others, treatment for it is more urgent than for non-tuberculous mycobacterial infections.
Furthermore, first-line TB drugs are highly active against Mycobacterium kansasii, a relatively common non-
tuberculous mycobacterial infection that presents clinically and radiographically like TB.” Finally, with
appropriate access to broth culture and molecular diagnostics (NAA and genotypic tests for resistance), the
time between finding a smear-positive specimen and identifying the species should be short.

TB in individuals with advanced immunodeficiency can be rapidly progressive and fatal if treatment is
delayed. Furthermore, such patients often have smear-negative sputum specimens. Therefore, after collection
of available specimens for culture and molecular diagnostic tests, empiric treatment for TB is warranted in
patients with clinical and radiographic presentation suggestive of HIV-related TB (AIII).

Treatment of suspected TB in HIV-infected individuals is the same as for those who are HIV uninfected and
should include an initial four-drug combination of isoniazid, rifampin, pyrazinamide, and ethambutol (AI).
An expanded initial regimen—including at least moxifloxacin or levofloxacin and an aminoglycoside or
capreomycin—should be used if there is a significant concern about resistance to rifampin, with or without
resistance to other drugs (BIII). A TB expert should be consulted if drug resistance is suspected. DOT is
recommended for all patients with suspected HIV-related TB (AII). The likelihood of treatment success is
further enhanced with comprehensive case management, assistance with housing and other social support,
and assistance in establishing or re-engaging with HIV care, if needed (i.e., enhanced DOT).

Drug-susceptible TB is treated with a 2-month intensive phase of the 4 drugs previously listed. Ethambutol
can be discontinued when susceptibility to isoniazid and rifampin has been confirmed. Pyrazinamide may be
discontinued after 2 months. Thereafter, isoniazid and a rifamycin are used in the continuation phase of
therapy.

Intermittent dosing (administration less often than daily) of anti-TB treatment facilitates DOT. However,
regimens that included twice- or thrice-weekly dosing during the intensive phase have been associated with an
increased risk of treatment failure or relapse with acquired drug resistance to the rifamycin class.’s”® Therefore,
daily therapy (5—7 days per week) given as DOT is recommended during the intensive phase (AII).

Daily (5-7 days per week) or thrice-weekly dosing is recommended during the continuation phase of therapy
(AII). Regimens that included once- or twice-weekly dosing during the continuation phase of therapy were
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associated with increased risk of treatment failure or relapse with acquired rifamycin resistance.””*® Whether
there is a difference between daily and thrice-weekly dosing during the continuation phase of therapy has not
been adequately studied in randomized trials; in observational studies and a meta-analysis, thrice-weekly
therapy during the continuation phase was not associated with an increased risk of adverse TB outcomes
(i.e., treatment failure, recurrence, or acquired drug resistance).’!

The optimal duration of TB treatment for patients with HIV infection and drug-susceptible TB disease is
unknown. In general, the outcomes have been good with 6-month regimens (2 months of isoniazid, rifampin,
pyrazinamide, and ethambutol, followed by 4 months of isoniazid and rifampin) given as DOT to patients
with HIV co-infection. A randomized trial in the United States showed excellent and comparable outcomes
of TB therapy among patients assigned to 6 months or 9 months of therapy, but the trial was underpowered.®?
Two trials in high-burden settings showed higher risks of recurrent TB among patients treated with 6 months
of therapy compared with those assigned to 9-7° or 12-month regimens.? However, the applicability of these
two trials is uncertain in low-burden settings in which ART is used, such as the United States.

Pending the outcome of further studies, 6 months of therapy for most patients with HI'V-related, drug-
susceptible TB disease is recommended (BII). Extension of therapy to 9 months is recommended for those
with a positive 2-month sputum culture (BII). Extension of therapy to 9 to 12 months is also recommended
for patients with CNS involvement (BII). Treatment for 6 to 9 months is recommended for patients with
bone and joint TB (BII). The duration of therapy should be based on number of doses received, not on
calendar time (BIII) because there may be substantial differences between dose number and calendar time if
doses were missed due to poor adherence or for management of problems with tolerability or toxicity.

Adjunctive corticosteroid therapy increases survival for patients with HIV-related TB involving the CNS®
and pericardium® (AI). No trials to date have compared different doses and treatment durations of adjunctive
corticosteroids. Dexamethasone was used in trials of adjunctive corticosteroids for CNS disease (0.3—0.4
mg/kg/day for 2-4 weeks, then taper 0.1 mg/kg per week until dose of 0.1 mg/kg, then 4 mg per day and
taper by 1 mg/week; total duration of 12 weeks); prednisone or prednisolone was used in trials of pericardial
disease (60 g/day and taper 10 mg per week; total duration of 6 weeks).

Special Considerations with Regard to Starting ART

Optimal management of HIV-related TB requires that both infections be addressed; sequential treatment of
TB followed by HIV treatment is not recommended.?® Co-treatment of HIV and TB is complex because of
the adherence demands of multidrug therapy for two infections, drug-drug interactions between the
rifamycins and many ARV drugs, overlapping side effect profiles of antituberculosis and ARV drugs, and the
frequency of immune reconstitution inflammatory syndrome (IRIS). Despite these substantial clinical
challenges, co-treatment of HIV-related TB improves survival,® particularly in patients with CD4 counts <50
cells/mm?; decreases the risk of additional opportunistic illnesses including TB;*’ can achieve high rates of
viral suppression;*® and may improve TB treatment outcomes.*

Starting ART early in the course of TB treatment can complicate clinical management because of increased
pill burden, drug toxicities, drug interactions, and IRIS events. However, recently completed randomized
clinical trials demonstrate that ART can be safely given during TB treatment without jeopardizing HIV
treatment responses and that ART reduces mortality and HIV-related illnesses.?-

The SAPIT trial randomized 642 South African adults with CD4 cell counts <500/mm? and AFB smear-
positive TB to start ART according to one of three strategies; at TB treatment initiation; after the intensive
phase of TB therapy but before TB treatment completion; or after TB treatment completion.®® The study was
stopped early when the mortality of the 2 integrated treatment arms was 56% lower than the sequential
treatment arm, demonstrating that ART should be started before completion of TB treatment. Notably, there
was a survival benefit across the range of CD4 cell counts among patients enrolled, including within the
stratum of baseline CD4 counts from 200 to 500 cells/mm?. Updated results of the SAPIT trial indicated that
the benefit of early ART was greatest for those with CD4 counts of <50 cells/mm? and that individuals with
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higher CD4 cell counts who started ART within the first 4 weeks of the continuation phase of TB treatment
had a lower incidence of IRIS and adverse events.”

The CAMELIA and A5221 trials shed further light on the optimal timing of ART during the course of TB
treatment. In CAMELIA, 661 adults in Cambodia with confirmed pulmonary TB and a median CD4 count of
25 cells/mm? (interquartile range [IQR] 10,56) were randomized to receive ART at 2 or 8 weeks after starting
TB treatment. The risk of death was decreased from 27% in the 8-week arm to 18% in the 2-week arm and,
among those who survived, viral suppression rates were very high (>95%).%® The ACTG A5221 study
randomized 809 patients from North America, South America, Africa, and Asia with confirmed or suspected
TB and a median CD4 count of 77 cells/mm? (IQR 33,146) to immediate ART (within 2 weeks) or early ART
(8—12 weeks).?” A new OI or death occurred among 12.9% of patients in the immediate arm and 16.1% in the
early arm by week 48 (P = 0.45). In patients with screening CD4 counts <50 cells/mm?, 15.5% of patients on
the immediate arm versus 26.6% on early ART experienced AIDS or death, (P = 0.02). Tuberculous-
associated IRIS (TB-IRIS) was more common in the immediate ART arm (11%) compared with the early
arm (5%) (P = 0.002). Viral suppression rates were similar between the arms.

Other recently completed smaller and non-randomized studies provide further support for early ART
initiation. In the PART study, which included only patients with TB and HIV with CD4 cell counts >350
cells/mm3, even a short 6-month course of ART started at TB diagnosis resulted in lower rates of AIDS or
death compared with delaying ART until a CD4 threshold of 250 cells/mm?.°! A recent retrospective analysis
of HIV-infected adults with XDR TB showed a 62% reduction in mortality in those who received ART."?

The optimal strategy in TB meningitis is less clear. A randomized trial conducted in Vietnam compared ART
initiated immediately or 2 months after starting TB treatment in 253 patients with HIV-related TB
meningitis.”* This study did not show a survival benefit for early initiation of ART. On the contrary, early
ART was associated with significantly more severe adverse events (102) compared with the deferred ART
arm (87; P =0.04). The overall mortality rates and severe adverse event rates in this study were
extraordinarily high (58% and 89-90%, respectively), in part reflecting the very ill AIDS population, and
may not be generalizable to other settings. Nonetheless, caution in early ART initiation is warranted in
patients with tuberculous meningitis.

When TB occurs in patients already on ART, treatment for TB must be started immediately (AIII), and ART
should be modified to reduce the risk of drug interactions and maintain virologic suppression. When TB
occurs in the setting of virologic failure, ART drug-resistance testing should be performed and a new ART
regimen constructed, along with intensified adherence counseling to achieve virologic suppression and
minimize drug interactions with the anti-TB regimen.

In summary, ART is recommended in all HIV-infected persons with TB (AI). For ART-naive patients, ART
should be started within 2 weeks when the CD4 count is <50 cells/mm? and by 8 to 12 weeks for all others
(AI). Given the need for the initiation of five to seven new medications in a short time, adherence support
should be offered. In patients with TB meningitis and low CD4 cell counts, early ART may pose a risk that
calls for careful monitoring and consultation with experts. Early ART initiation requires close collaboration
between HIV and TB care clinics, expertise in management of ART regimen selection, and support and
adherence services for clients.

Drug-drug interactions in the treatment of HI'V-related tuberculosis

The rifamycin class of antibiotics is the key to effective, short-course TB treatment. However, the rifamycins

currently available (rifampin, rifabutin, and rifapentine) have clinically significant interactions with a number
of ARV drugs (Table 5). These drug-drug interactions are complex, but most result from the potent induction

by the rifamycin of genes involved in the metabolism and transport of ARV agents.

The preferred cotreatment regimen for HIV-related TB disease is rifampin-based TB therapy with an ARV
regimen of efavirenz plus two nucleoside(tide) analogues (AII). Efavirenz-based ART is associated with
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excellent TB and HIV treatment outcomes and has low rates of serious toxicity.”* Data conflict on the
magnitude of the change in efavirenz concentrations when co-administered with rifampin. Early studies
reported a 26% reduction in efavirenz exposure,” but more recent and larger studies in HIV-infected patients
with TB (including patients with higher body weight) have not shown a significant effect of rifampin on
efavirenz exposure.”®®’ Previous recommendations to increase the dose of efavirenz, especially in patients
who weigh >60 kg, are thus not supported by good data and have several disadvantages; complexity of
dosing, inability to take advantage of the simplicity of the co-formulation of efavirenz, tenofovir, and
emtricitabine, and possibility of increased neuropsychiatric side effects. Given the excellent treatment
outcomes of co-treatment with standard-dose efavirenz,’**® the 600-mg daily dose of efavirenz is
recommended (BII).

Rifampin has a more significant effect on the concentration of nevirapine, but clinical outcomes have been
reasonably good among patients on a co-treatment regimen of rifampin-based TB treatment with an ARV
regimen of nevirapine plus two nucleoside analogues.”**!® However, a recent randomized controlled trial
showed that a once daily nevirapine regimen used with didanosine and lamivudine was inferior to a once
daily efavirenz regimen used with the same NRTIs in HIV-associated TB treated with a rifampin regimen.'"!
For patients absolutely unable to take efavirenz due to intolerance or early pregnancy, nevirapine-based ART
can be used, but the lead-in dose of nevirapine should be omitted for patients who are established on
rifampin for at least 2 weeks and plasma HIV RNA levels should be monitored closely.**

For patients who have HIV strains resistant to non-nucleoside reverse transcriptase inhibitors (NNRTIs) or
are unable to tolerate efavirenz and nevirapine, the preferred co-treatment regimen is rifabutin-based TB
therapy with an ARV regimen that includes a ritonavir-boosted protease inhibitor (PI) (BIII). The dramatic
effects of rifampin on serum concentrations of lopinavir can be overcome by high-dose ritonavir,'% but high
rates of hepatotoxicity have been reported when adjusted ritonavir-boosted PlIs were given with rifampin to
healthy volunteers.'®-19 Rifabutin has little effect on ritonavir-boosted lopinavir'% or atazanavir,'’” and its
co-administration results in moderate increases in darunavir'® and fosamprenavir concentrations.!®

However, all PIs markedly increase serum concentrations of rifabutin (and one of its principal metabolites,
desacetyl-rifabutin). Therefore, the dose of rifabutin must be decreased to avoid dose-related toxicity, such as
uveitis.'!'® The magnitude of the dose reduction for rifabutin remains somewhat controversial. In studies of
healthy volunteers, a 150-mg dose every other day together with a ritonavir-boosted PI achieved serum
concentrations of rifabutin comparable to or higher (with much higher concentrations of the desacetyl
metabolite) than those achieved with 300 mg rifabutin daily in the absence of a PL.!%1%%! However, among
HIV-infected individuals with TB, there have been case reports of acquired rifamycin resistance with 150-mg
thrice-weekly dosing in the presence of a boosted PI-based ARV regimen.!!!13

Pending additional data, we recommend a dosage of 150 mg of rifabutin daily (at least during the first 2
months of TB treatment) for patients who are on a PI-containing ARV regimen (BIII). Therapeutic drug
monitoring for rifabutin can be considered in this situation.'* Close monitoring of adherence to ART is
important because these reduced doses of rifabutin would be inadequate if patients stopped taking the PI.

Clinical experience is minimal for use of rifamycins with raltegravir, CCRS receptor antagonists, and
second-generation NNRTIs. Raltegravir concentrations are decreased when coadministered with rifampin,
and a raltegravir dose increase (to 800 mg twice daily [BID]) is recommended but has not been evaluated in
clinical trials. Similarly, there is no published experience with rifampin or rifabutin and elvitegravir boosted
with cobicistat, although the drug interactions and required dose adjustments are expected to be similar to
those with boosted PIs. These ARV drugs should be used only when required for ARV potency and in
consultation with an expert in this field. As new antiretroviral drugs are approved, recommendations will be
developed about their use in conjunction with antituberculous regimens.

The breadth and magnitude of drug-drug interactions between the rifamycins and many ARV drugs can be
daunting. Nevertheless, every effort should be made to include a rifamycin in the TB treatment regimen; the
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drug-drug interactions between rifamycins and ARV drugs should be managed, not avoided. Rifamycins
remain the most potent drug class for TB treatment, and regimens that included just 2 months of rifampin
were associated with increased risks of treatment failure and recurrence among patients with HIV-related
TB.!"*!15 Patients with rifamycin-susceptible M. tuberculosis isolates should only be treated with a regimen
that does not contain a rifamycin if they have had a serious event that is highly likely to be due to the drug.

Monitoring of Response to Therapy and Adverse Events (including IRIS)

Patients with pulmonary TB should have monthly sputum smears and cultures to document culture
conversion on therapy (defined as two consecutive negative cultures). Sputum cultures typically convert to
negative in patients with susceptible TB within the first 2 months of first-line TB therapy; sputum culture
conversion may take longer in patients with a high burden of disease, such as cavitary TB disease.!!® Patients
who have not had sputum culture conversion at or after 4 months of therapy should be evaluated for possible
treatment failure and acquired drug resistance.

Adverse events during the treatment of HIV-related TB are common.’*!!7-12° Because alternative drugs often
have less efficacy and more toxicities than first-line anti-TB drugs and diagnosing a drug reaction and
determining the responsible agent can be difficult, the first-line drugs (especially isoniazid, rifampin, or
rifabutin) should not be stopped permanently without strong evidence that a specific anti-TB drug was the
cause of the reaction. In such situations, consultation with a specialist in treating TB disease in HIV-infected
individuals is recommended.

Gastrointestinal (GI) reactions are common with many of the anti-TB medications.'?! If GI symptoms occur,
AST and bilirubin should be measured to determine if hepatic toxicity is the cause. Typically, GI symptoms
not related to hepatic toxicity should be managed without discontinuing TB medications; initial approaches
should include either changing the time of administration or administering drugs with food.

Skin rashes are common with all anti-TB drugs. If rash is minor, affects a limited area, or causes pruritus,
antithistamines should be administered for symptomatic relief and all anti-TB medications continued. If the
rash is severe, all TB medications should be stopped until the rash is substantially improved, and TB drugs
restarted one by one at intervals of 2 to 3 days. Rifampin or rifabutin should be restarted first because their
role in treatment is critical. If the rash recurs, the last drug that had been added should be stopped. If a
petechial rash thought to be caused by thrombocytopenia occurs, rifampin or rifabutin should be stopped
permanently.'?? If a generalized rash associated with either fever or mucous membrane involvement occurs,
all drugs should be stopped immediately, patients should be switched to alternative anti-TB agents, and LTBI
or TB treatment should be managed in consultation with a specialist.

Fever in HIV-infected patients who have been receiving effective TB therapy for several weeks may
represent drug fever, another infection, or IRIS.'?® If superinfection or worsening TB is excluded as a
potential cause, all TB drugs should be stopped. Once the fever has resolved, the general guidelines
described for restarting/stopping drugs in the presence of a rash should be followed.

An increase in AST occurs in approximately 20% of patients treated with the standard four-drug, anti-TB
regimen.'?* Drug-induced liver injury can be caused by isoniazid, rifamycins, pyrazinamide, or a number of
ARV drugs. Drug-induced liver injury is defined as an AST elevation to >3 times the ULN or baseline
(whichever is higher) in the presence of symptoms, or >5 times the ULN in the absence of symptoms.'** In
addition to AST elevation, disproportionate increases in bilirubin and alkaline phosphatase occasionally occur.
This latter pattern is more consistent with rifamycin hepatotoxicity than with isoniazid or pyrazinamide
hepatotoxicity. In most patients, asymptomatic aminotransferase elevations spontaneously resolve.

In the absence of symptoms, elevations of AST <3 times ULN should not prompt changes of TB therapy, but
the frequency of clinical and laboratory monitoring should be increased. If AST levels are >5 times the ULN
regardless of symptoms, >3 times the ULN with symptoms, or if a significant increase in bilirubin and/or
alkaline phosphatase occurs, hepatotoxic drugs should be stopped and patients should be evaluated
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immediately. For any substantial new transaminase or bilirubin elevation, serologic testing for hepatitis A, B,
and C should be performed, and patients should be questioned regarding symptoms suggestive of biliary tract
disease and exposures to alcohol and other hepatotoxins.

If anti-TB drugs must be stopped for hepatotoxicity, it may be prudent to substitute more than three
nonhepatotoxic anti-TB drugs (depending on the stage of TB therapy, the degree of clinical illness, and the
severity of immunodeficiency) until the specific cause of hepatotoxicity can be determined and an alternative
longer-term regimen constructed. The anti-TB medications should be restarted one at a time after the AST
level returns to <2 times the ULN or to near baseline for patients with pre-existing abnormalities. Because
the rifamycins are a critical part of the TB regimen and are less likely to cause hepatotoxicity than isoniazid
or pyrazinamide,*>!>* they should be restarted first. If no increase in AST occurs after 1 week, isoniazid may
be restarted. Pyrazinamide can be restarted 1 week after isoniazid if AST does not increase. If symptoms
recur or AST increases, the last drug added should be stopped. If rifampin and isoniazid are tolerated and
hepatitis was severe, pyrazinamide should be presumed responsible and should be discontinued. In this last
circumstance, therapy can be extended to 9 months with rifampin and isoniazid alone, depending on the
number of doses of pyrazinamide taken, severity of disease, and bacteriological status.

In patients with recently diagnosed or undiagnosed active TB, TB-IRIS is a common early complication. The
condition is thought to result from the recovering immune system driving inflammatory reactions directed at
M. tuberculosis antigen present at sites of disease.!?1?® TB-IRIS is characterized by excessive local or
systemic inflammation. Two forms of TB-IRIS are recognized: paradoxical TB-IRIS and unmasking TB-
IRIS. Proposed case definitions for these syndromes have been published.'?’

Paradoxical TB-IRIS occurs in patients who are diagnosed with active TB before starting ART. Typically,
these patients have had clinical improvement on TB treatment before starting ART. Within the first weeks of
ART (though sometimes later) they develop new or recurrent symptoms and new, worsening, or recurrent
clinical and radiologic features of TB. Common and important manifestations of paradoxical TB-IRIS
include hectic fevers, new or worsening lymphadenopathy, and new or worsening pulmonary infiltrates.
Mortality from paradoxical TB-IRIS is uncommon,'?”-13 but life-threatening manifestations include enlarging
cerebral tuberculomas, meningitis, enlargement of pericardial effusions causing cardiac tamponade,
extensive pulmonary involvement with respiratory failure, nodal enlargement causing airway obstruction,
and splenic rupture due to rapid enlargement.!?”-131:132 In patients with disseminated TB, hepatic TB-IRIS is
common and manifests with tender hepatic enlargement, nausea and vomiting, cholestatic liver function
derangement, and occasionally jaundice.!**!3* On liver biopsy, a granulomatous hepatitis is demonstrated.
Hepatic TB-IRIS may be difficult to differentiate from drug-induced liver injury.

Paradoxical TB-IRIS is relatively common in patients starting ART while on TB treatment (8%—43%). A
recent meta-analysis provided a pooled estimate of incidence of IRIS of 15.7%, with a case fatality rate of
3.2%."3% Onset of paradoxical TB-IRIS symptoms typically occurs 1 to 4 weeks after ART is initiated.!35-14°
On average, the syndrome lasts for 2 to 3 months,!3!*! but some patients have symptoms for months and, in
rare cases, local manifestations may persist or recur more than a year after onset.!2%141:142

The most consistently identified risk factors for paradoxical TB-IRIS are low CD4 cell count at start of ART
(especially CD4 cell counts <100 cells/mm?);!**!143 disseminated or extrapulmonary TB;!31:137:13%:143 and a short
interval between starting TB treatment and ART, particularly within the first 2 months of TB treatment,!3!:136:138

The diagnosis of paradoxical TB-IRIS can be challenging and there is no definitive confirmatory test. Thus,
diagnosis relies upon a characteristic clinical presentation: improvement of TB symptoms prior to ART;
deterioration with features of TB soon after starting ART; demonstration of a response to ART (CD4 rise
and/or viral load reduction); and, most important, investigations to exclude alternative causes for
deterioration, particularly undetected TB drug resistance.

Most cases of paradoxical TB-IRIS are self-limiting. Many patients require symptomatic therapy (analgesia,
antiemetics) and, if symptoms are significant, anti-inflammatory therapy should be considered. One
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randomized, placebo-controlled trial among patients with moderately severe paradoxical IRIS showed that
treatment with prednisone (1.5 mg/kg/day for 2 weeks followed by 0.75 mg/kg/day for 2 weeks) resulted in a
reduction of a combined endpoint of days hospitalized plus outpatient therapeutic procedures.'** Those on
prednisone experienced more rapid symptom and radiographic improvement. No mortality benefit was
demonstrated, but immediately life-threatening cases, such as those with neurological involvement, were
excluded from this study. The above study,!** observational data,'*? and clinical trials of patients treated with
corticosteroids at the time of TB meningitis presentation (in which corticosteroids reduced mortality)®*
suggest that corticosteroids should be used for TB-IRIS involving the CNS. For a minority of patients, 4
weeks of prednisone is insufficient, and they may require more gradual tapering of steroids over a few
months (BIII).'* Tapering of corticosteroids should be guided by repeated clinical assessment of symptoms
and markers of inflammation, such as fever and tachycardia (BIII). Corticosteroids should be avoided in
patients with Kaposi sarcoma'* and where the diagnosis of paradoxical TB-IRIS is not certain.

Some clinicians use non-steroidal, anti-inflammatory drugs to provide symptomatic relief in patients with
mild TB-IRIS (CIII). Needle aspiration of enlarging serous effusions, large tuberculous abscesses, or
suppurative lymphadenitis may provide symptomatic relief. Repeated aspirations may be required because
collections and effusions often reaccumulate.'!

Unmasking TB-IRIS can occur in patients who have unrecognized TB at the time they start ART (because it
is sub-clinical, is oligo-symptomatic, or the diagnosis has been missed). These patients present with a
particularly accelerated and inflammatory presentation of TB in the first weeks of ART.!* A common
presentation is pulmonary TB presenting with rapid symptom onset and clinical features similar to bacterial
pneumonia, with high fever, respiratory distress, sepsis syndrome, and consolidation on chest
radiograph.!?*:14¢-148 Focal inflammatory manifestations such as abscesses and lymphadenitis also may
develop.'® The treatment is standard TB treatment and corticosteroids if the manifestations are life
threatening, although there is no clinical trial evidence to support their use (BIII).

Managing Treatment Failure

The causes of treatment failure include undetected primary drug resistance, inadequate adherence to therapy,
prescription of an incorrect or inadequate regimen, subtherapeutic drug levels due to malabsorption or drug
interactions, superinfection with drug-resistant M. tuberculosis, and acquired drug resistance.

Patients with suspected treatment failure should be evaluated with a history, physical exam, and chest
radiograph to determine whether they have clinically responded to therapy, even though their cultures have not
converted. The initial culture results and drug-resistance tests, treatment regimen, and adherence also should be
reviewed. Samples from all available sites should be taken for repeat culture and drug-susceptibility testing,
and strong consideration should be given to performing rapid resistance testing on direct specimens or positive
cultures to identify acquired drug resistance or superinfection with a drug-resistant strain.

Pending results of repeat cultures and rapid resistance testing, empiric TB treatment should be broadened
using second-line TB drugs, in consultation with an expert in the field (BIII).

Managing drug-resistant tuberculosis

Clinical trials are needed to determine the optimal management of patients with drug-resistant TB. The most
active and effective TB drugs are those used in first-line TB treatment regimens (isoniazid and rifampin, in
particular). When resistance to these medications develops, alternative combinations of first- and second-line
TB medications must be used, but their optimal use has not been tested using rigorous clinical trials.

The standard first-line TB regimen initially was believed to be adequate for isoniazid mono-resistant TB.
However, growing evidence demonstrates that there is an increased risk of treatment failure associated with
baseline isoniazid resistance,'® particularly in patients with HIV co-infection.”® Substitution of a
fluoroquinolone (levofloxacin or moxifloxacin) for isoniazid is suggested for at least the first 2 months of
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therapy (BIII) and perhaps for the continuation phase with rifampin and ethambutol as well (CIII), for a
total duration of treatment of 9 months (BII).

The complexity and duration of treatment are substantially increased for TB strains resistant to rifampin
alone or to rifampin and other drugs. These patients require treatment with second-line, and perhaps third-
line, TB medications that should be selected based on drug-susceptibility testing results, and that are less
effective, more toxic, and require 12 to 24 months of treatment.!>! Furthermore, therapy for MDR-TB is
rapidly evolving as novel drugs for TB treatment are introduced. Thus, treatment of MDR-TB should involve
an expert with experience in treating drug-resistant TB. If a local expert is not available, one option is to
contact a CDC Regional Training and Medical Consultation Center at
http://www.cdc.gov/tb/education/rtme/default.htm.

Preventing Recurrence

The risk of recurrent TB in patients with HIV co-infection appears to be somewhat higher than in those who
are HIV-uninfected and receiving the same TB treatment regimen in the same setting.'>?> In TB-endemic
settings, much of the increased risk of recurrent TB appears to be due to the higher risk of re-infection with a
new strain of M. tuberculosis, with subsequent rapid progression to TB disease.!**!>* In settings with low
rates of TB (e.g., the United States), recurrent TB due to re-infection is uncommon, even among HIV-
infected patients.!*

Several interventions have been suggested to decrease the risk of recurrent TB among patients with HIV
coinfection: longer TB treatment regimens, more frequent dosing of TB therapy, post-treatment isoniazid
therapy, and use of ART. None of these interventions has been adequately evaluated in randomized trials in
settings with low TB burdens. Post-treatment isoniazid (6—9 months of daily isoniazid therapy after the
completion of standard multidrug therapy) has been shown to be effective in high-burden settings in which
the risk of re-exposure is high,'*157 suggesting that this intervention decreases the risk of re-infection.
However, post-treatment isoniazid is not recommended in low-burden settings such as the United States.
Given its beneficial effects on the risk of initially developing TB disease, it is very likely that ART decreases
the risk of re-infection with TB.

Special Considerations During Pregnancy

HIV-infected pregnant women who do not have documentation of a prior negative TB screening test result or
who are at high risk for repeated or ongoing exposure to individuals with active TB should be tested during
pregnancy (AIII). The frequency of anergy is not increased during pregnancy, and routine anergy testing for
HIV-infected pregnant women is not recommended.!3¥!%! There are only limited data on the performance of the
IGRAs for diagnosis of LTBI in pregnant women. In a study in HIV-infected pregnant women in Kenya, a
positive IGRA result was associated with a 4.5-fold increased risk of developing active TB disease; in women
with CD4 cell counts <250 cells/uL, a positive IGRA result was associated with a 5-fold increased risk of
maternal mortality or active TB and a 3-fold increased risk of either active TB or mortality in infants.'®2

If LTBI is diagnosed during pregnancy and active TB has been ruled out, preventive treatment should be
considered during pregnancy (BIII). The potential risk of isoniazid toxicity must be weighed against the
consequences of active TB developing during pregnancy and postpartum. Studies in HIV/TB co-infected
individuals who are not receiving ART have found a high risk of progression from LTBI to active TB (10%
per year) and there is a high risk of maternal and infant mortality in HIV-infected pregnant women with
active TB.!931%* However, the risk of progression from LTBI to active TB in individuals on ART is
significantly decreased;'® therefore, HIV-infected pregnant women should be receiving ART for prevention
of mother-to-child transmission. Pregnant women receiving isoniazid should receive daily pyridoxine
supplementation as they are at risk of isoniazid-associated peripheral neuropathy.!6®

The diagnostic evaluation for TB disease in pregnant women is the same as for non-pregnant adults. Chest
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radiographs with abdominal shielding result in minimal fetal radiation exposure. An increase in pregnancy
complications and undesirable outcomes including preterm birth, low birthweight, and intrauterine growth
retardation might be observed among pregnant women with either pulmonary or extrapulmonary TB not
confined to the lymph nodes, especially when treatment is not begun until late in pregnancy.!>8-161:167-170
Congenital TB infection of the infant has been reported, although it appears relatively uncommon.
However, in 1 study of 107 women with active TB during pregnancy in South Africa, TB was detected in
16% of neonates (12 by culture and 4 by smear microscopy) sampled within the first 3 weeks of life.!”?

171

Treatment of TB disease for pregnant women should be the same as for non-pregnant women, but with
attention given to the following considerations (BIII):

» Although isoniazid is not teratogenic in animals or humans, hepatotoxicity caused by isoniazid might
occur more frequently in pregnancy and the postpartum period.!”> Monthly monitoring of liver
transaminases during pregnancy and the postpartum period is recommended (CIII).

* Rifampin is not teratogenic in humans.

* Pyrazinamide is not teratogenic among animals. Experience is limited with use in human pregnancy.
Although the World Health Organization and the International Union Against Tuberculosis and Lung
Diseases!™!”> have made recommendations for the routine use of pyrazinamide in pregnant women, it
has not been recommended for general use during pregnancy in the United States because data
characterizing its effects in this setting are limited.!”® If pyrazinamide is not included in the initial
treatment regimen, the minimum duration of TB therapy should be 9 months (CIII). The decision
regarding whether to include pyrazinamide for treatment should be made after consultation among
obstetricians, TB specialists, and patients, taking into account gestational age and likely susceptibility
pattern of the infecting strain.

+ Ethambutol is teratogenic among rodents and rabbits at doses that are much higher than those used
among humans. No evidence of teratogenicity has been observed among humans. Ocular toxicity has
been reported among adults taking ethambutol, but changes in visual acuity have not been detected in
infants born after exposure in utero.

Experience with using the majority of the second-line drugs for TB during pregnancy is limited.!”’-13% MDR-
TB in pregnancy should be managed in consultation with a specialist. Therapy should not be withheld
because of pregnancy (AIII). The following concerns should be considered when selecting second-line anti-
TB drugs for use among pregnant women:

+ Streptomycin use has been associated with a 10% rate of eighth nerve toxicity in infants exposed in
utero; its use during pregnancy should be avoided if possible (AIII).

* Hearing loss has been detected in approximately 2% of children exposed to long-term kanamycin therapy
in utero; like streptomycin, this agent should typically be avoided if possible (AIII). The fetus is at a
theoretical risk for ototoxicity with in utero exposure to amikacin and capreomycin, but this risk has not
been documented and these drugs might be alternatives when an aminoglycoside is required for
treatment of MDR-TB (CIII).

* Because arthropathy has been noted in immature animals exposed in utero to quinolones, quinolones are
typically not recommended for pregnant women and among children aged <18 years (CIII). However,
studies evaluating quinolone use in pregnant women did not find an increased risk of birth defects or
musculoskeletal abnormalities.!8"132 Thus, fluoroquinolones can be used in pregnancy for drug-resistant
TB if they are required on the basis of susceptibility testing (CIII).'®?

+ Para-aminosalicylic acid is not teratogenic among rats or rabbits.!”® In one study, a possible increase in
limb and ear anomalies was reported among 143 infants delivered by women who were exposed during
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the first trimester.!®* No specific pattern of defects and no increase in rate of defects have been detected
among subjects in other human studies, indicating that this agent can be used with caution if needed
(CIID).

» FEthionamide has been associated with an increased risk for several anomalies among mice, rats, and
rabbits after high-dose exposure; no increased risk for defects was noted with doses similar to those used
among humans, but experience is limited with use during human pregnancy. Thus, ethionamide should
be avoided unless its use is necessary (CIII).

* No data are available from animal studies or reports of cycloserine use in humans during pregnancy.

Recommendations for Treating Mycobacterium Tuberculosis Infection and Disease (page 1 of 2)

Treating LTBI (to prevent TB disease)

Indications:
* (+) screening test? for LTBI, no evidence of active TB, and no prior history of treatment for active or latent TB (Al);
« Close contact with a person with infectious TB, regardless of screening test result (All)

Preferred Therapy (Duration of Therapy = 9 Months):
* INH 300 mg PO daily + pyridoxine 25 mg PO daily (All) or
 INH 900 mg PO BIW (by DOT) + pyridoxine 25 mg PO daily (BII)

Alternative Therapies:
* RIF 600 mg PO daily x 4 months (BIll) or
* RFB (dose adjusted based on concomitant ART) x 4 months (BIlI)

* For persons exposed to drug-resistant TB, select anti-TB drugs after consultation with experts or with public health authorities
(AN)

Treating Active TB Disease

* After collecting specimen for culture and molecular diagnostic tests, empiric treatment should be initiated in HIV-infected persons
with clinical and radiographic presentation suggestive of HIV-related TB (Alll).

* DOT is recommended for all patients requiring treatment for HIV-related TB (All).

* Please refer to the table below for TB drug dosing recommendations and to Table 5 for dosing recommendations of ARV drugs
when used with RIF or RFB.

For Drug-Sensitive TB

Intensive Phase (2 Months)

« Daily therapy (5—7 days per week) given as DOT is recommended for all patients during the intensive phase (All).

* INH + (RIF or RFB) + PZA + EMB (Al); if drug susceptibility report shows sensitivity to INH & RIF, then EMB may be discontinued.

Continuation Phase (For Drug Susceptible TB)
« INH + (RIF or RFB) daily (5-7 days per week) or TIW (All)

Total Duration of Therapy:

* Pulmonary, drug-susceptible TB—6 months (BIl)

* Pulmonary TB & positive culture at 2 months of TB treatment—9 months (BII)

* Extrapulmonary TB w/CNS—9 to 12 months (BII)

« Extrapulmonary TB w/bone or joint involvement—=6 to 9 months (BII)

* Extrapulmonary TB in other sites—6 months (BIl)

* The total duration of therapy should be based on number of doses received, not on calendar time (BIII).

For Drug-Resistant TB
Empiric Therapy for Suspected Resistance to Rifamycin +/- Resistance to Other Drugs:
* INH + (RIF or RFB) + PZA + EMB + (moxifloxacin or levofloxacin) + (an aminoglycoside or capreomycin)
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Recommendations for Treating Mycobacterium Tuberculosis Infection and Disease (page 2 of 2)

» Therapy should be modified based on drug susceptibility results
* A TB expert should be consulted

Resistant to INH

* (RIF or RFB) + EMB + PZA + (moxifloxacin or levofloxacin) for 2 months (BIl); followed by (RIF or RFB) + EMB + (moxifloxacin or
levofloxacin) for 7 months (BII)

Resistant to Rifamycins +/- Other Antimycobacterial Agents:

 Therapy and duration of treatment should be individualized based on drug susceptibility, clinical and microbiological responses,
and with close consultation with experienced specialists (Alll).

Other Considerations in TB Management

* Adjunctive corticosteroid improves survival for patients with HIV-related TB involving the CNS and pericardium (Al).

* Dexamethasone has been used for CNS disease with the following dosing schedule: 0.3-0.4 mg/kg/day for 2—4 weeks, then taper
0.1 mg/kg per week until 0.1 mg/kg, then 4 mg per day and taper by 1 mg/week; total duration of approximately 12 weeks.

* Prednisone or prednisolone may be used in pericardial disease (e.g. 60 mg PO daily and taper by 10 mg per day weekly; total
duration approximately 6 weeks)

* Despite the potential of drug-drug interactions, a rifamycin remains the most potent TB drug and should remain as part of the TB
regimen unless there is rifamycin-resistant isolate or the patient has a severe adverse effect that is likely to be due to the rifamycin
(please refer to the table below and to Table 5 for dosing recommendations involving concomitant use of RIF or RFB and different
antiretroviral drugs).

 |f NVP is to be added to a patient who is receiving RIF, the lead-in dose for nevirapine should be omitted.
* RFB is a less potent CYP 3A4 inducer than RIF and is preferred in patients receiving HIV Pls (BIII).

* RPT administered once weekly can result in development of resistance in HIV-infected patients and is not recommended for
patients with TB disease (Al).

« Paradoxical reaction that is not severe may be treated symptomatically (CIII).

* For moderately severe paradoxical reaction, may consider use of corticosteroid, and taper over 4 weeks (or longer) based on
clinical symptoms (BIII).

Examples of Prednisone Dosing Strategies

* In patients on a RIF-based regimen: prednisone 1.5 mg/kg/day x 2 weeks, then 0.75 mg/kg x 2 weeks

* |n patients on a RFB + boosted Pl based regimen: prednisone 1.0 mg/kg/day x 2 weeks, then 0.5 mg/kg/day x 2 weeks

* A more gradual tapering schedule over a few months may be necessary in some patients.

 Screening tests for LTBI include TST or IGRA; please see text for details regarding these tests.

Key to Abbreviations: ART = antiretroviral therapy; ARV = antiretroviral; BIW = twice weekly; CNS = central nervous system; DOT =
directly observed therapy; EMB = ethambutol; INH=isoniazid; LTBI = latent tuberculosis infection; NVP = nevirapine; Pl = protease
inhibitor; PO = oral; PZA = pyrazinamide; RFB = rifabutin; RIF = rifampin; RPT = rifapentine; TB = tuberculosis; TIW = thrice weekly;
TST = tuberculin skin test; IGRA = interferon-gamma release assays.
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Dosing Recommendations for Anti-Tuberculosis Drugs for Treatment of Active TB

Note: Rifampin is not recommended in
patients receiving HIV Pls, ETR, RPV, or
EVG/COBI/TDF/FTC

Drug Daily 3x/week
Isoniazid 5 mg/kg (usual dose 300 mg) 15 mg/kg (usual dose 900 mg)
Rifampin 10 mg/kg (usual dose 600 mg) 10 mg/kg (usual dose 600 mg)

Rifabutin
without HIV Pls, EFV, RPV or
EVG/COBI/TDF/FTC

with EVG/COBI/TDF/FTC

5 mg/kg (usual dose 300 mg)

5 mg/kg (usual dose 300 mg)

Pyrazinamide
(weight-based dosing)

40-55 kg 1000 mg (18.2-25.0 mg/kg) 1500 mg (27.3-37.5 mg/kg)
5675k | 1500 mg (20.0-26.8 mg/kg) | 2500 mg (33.3-44.6 mg/kg) |
7690k | 2000 mg (22.2-26.3mg/kg) | 3000 mg (33.3-39.5 mg/kg) |
>90kg ] 2000mg®  |s00mgc |

Ethambutol

(weight-based dosing)

40-55 kg 800 mg (14.5-20.0 mg/kg) 1200 mg (21.8-30.0 mg/kg)
| 56-75kg | 1200 mg (16.0-21.4 mg/kg) | 2000 mg (26.7-35.7 mg/kg) |
(76-90kg 1600 mg (17.8-21.1 mg/kg) | 2400 mg (26.7-31.6 mgkkg) |
>90kg 1600mg® | 2400mg® |

@ Acquired rifamycin resistance has been reported in patients with inadequate rifabutin levels while on 150 mg twice weekly dosing
together with ritonavir-boosted Pls. May consider therapeutic drug monitoring when rifabutin is used with a ritonavir-boosted Pl and

adjust dose accordingly.

b Avoid co-administration of EVG/COBI/TDF/FTC with rifabutin, if possible. If used together, consider therapeutic drug monitoring and

adjust dose accordingly.

¢ Monitor for therapeutic response and consider therapeutic drug monitoring to assure dosage adequacy in patients who weigh >90

kg.

Key to Acronyms: COBI = cobicistat; EFV = efavirenz; EVG = elvitegravir; FTC = emtricitabine; MVC = maraviroc; NNRTI = non-
nucleoside reverse transcriptase inhibitor; Pl = protease inhibitor; TDF = tenofovir disoproxil fumarate
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Disseminated Mycobacterium avium Complex Disease (Last updated
May 7, 2013; last reviewed May 7, 2013)

Epidemiology

Organisms of the Mycobacterium avium complex (MAC) are ubiquitous in the environment.!* M. avium is the
etiologic agent in >95% of patients with AIDS who acquire disseminated MAC disease.!** An estimated 7% to
12% of adults have been previously infected with MAC, although rates of disease vary in different geographic
locations.">%? Although epidemiologic associations have been identified, no environmental exposure or
behavior has been consistently linked to subsequent risk of developing MAC disease.

The mode of transmission is thought to be through inhalation, ingestion, or inoculation via the respiratory or
gastrointestinal tract. Household or close contacts of those with MAC disease do not appear to be at
increased risk of disease, and person-to-person transmission is unlikely.

MAC disease typically occurs in patients with CD4 T lymphocyte (CD4) cell counts <50 cells/mm?. The
incidence of disseminated MAC disease is 20% to 40% in patients with severe AIDS-associated
immunosuppression, in the absence of effective antiretroviral therapy (ART) or chemoprophylaxis.'®!! The
overall incidence of disseminated MAC disease among HIV-infected patients has fallen more than 10-fold
since the introduction of effective ART, to a current level of 2.5 cases of MAC as the first opportunistic
infection (OI), per 1,000 person-years, for individuals in care.!? Factors other than a CD4 count <50
cells/mm? that are associated with increased susceptibility to MAC disease are high plasma HIV RNA levels
(>100,000 copies/mL), previous Ols, previous colonization of the respiratory or gastrointestinal tract with
MAC, and reduced in vitro lymphoproliferative immune responses to M. avium antigens, possibly reflecting
defects in T-cell repertoire.

Clinical Manifestations

In patients with AIDS who are not on ART, MAC disease typically is a disseminated, multi-organ
infection.!*!7 Early symptoms may be minimal and can precede detectable mycobacteremia by several
weeks. Symptoms include fever, night sweats, weight loss, fatigue, diarrhea, and abdominal pain.’

Laboratory abnormalities particularly associated with disseminated MAC disease include anemia (often out
of proportion to that expected for the stage of HIV disease) and elevated liver alkaline phosphatase

levels. 24111819 Hepatomegaly, splenomegaly, or lymphadenopathy (paratracheal, retroperitoneal, para-
aortic, or less commonly peripheral) may be identified on physical examination or by radiographic or other
imaging studies. Other focal physical findings or laboratory abnormalities may occur with localized disease.

Localized manifestations of MAC disease have been reported most often in patients who are receiving and
have responded to ART with an increase in CD4 T-cell counts, suggesting improved immune function.
Localized syndromes include cervical or mesenteric lymphadenitis, pneumonitis, pericarditis, osteomyelitis,
skin or soft-tissue abscesses, genital ulcers, or central nervous system infection. Localized syndromes may
also be manifestations of immune reconstitution inflammatory syndrome (IRIS), described below.

Initially characterized by focal lymphadenitis with fever, IRIS subsequently has been recognized as a
systemic inflammatory syndrome with signs and symptoms that are clinically indistinguishable from active
MAC infection. Its occurrence with MAC disease is similar to IRIS or paradoxical reactions observed with
tuberculosis (TB) disease.?*?* Bacteremia is absent. The syndrome has been described in patients with
subclinical (unmasking IRIS) or established MAC disease and advanced immunosuppression who begin ART
and have a rapid and marked increase in CD4 cell count (>100 cells/mm?). As with TB, the syndrome may be
benign and self-limited or may result in severe, unremitting symptoms that improve with the use of systemic
anti-inflammatory therapy or corticosteroids in doses similar to those described for TB-associated IRIS.
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Diagnosis

A confirmed diagnosis of disseminated MAC disease is based on compatible clinical signs and symptoms
coupled with the isolation of MAC from cultures of blood, lymph node, bone marrow, or other normally
sterile tissue or body fluids.!"-!617-2425 Species identification should be performed using specific DNA probes,
high-performance liquid chromatography, or biochemical tests.

Other ancillary studies provide supportive diagnostic information, including acid-fast bacilli smear and
culture of stool or tissue biopsy material, radiographic imaging, or other studies aimed at isolating organisms
from focal infection sites.

Preventing Exposure

MAC organisms commonly contaminate environmental sources, such as food and water. Available
information does not support specific recommendations regarding avoidance of exposure.

Preventing Disease
Indication for Primary Prophylaxis

HIV-infected adults and adolescents should receive chemoprophylaxis against disseminated MAC disease if
they have CD4 counts <50 cells/mm? (AI).

Preferred and Alternative Drugs for Prophylaxis

Azithromycin®® and clarithromycin®? are the preferred prophylactic agents (AI). The combination of
clarithromycin and rifabutin is no more effective than clarithromycin alone for chemoprophylaxis, associated
with a higher rate of adverse effects than either drug alone, and should not be used (AI).? The combination
of azithromycin with rifabutin is more effective than azithromycin alone in preventing MAC disease.?
However, based on the additional cost, increased occurrence of adverse effects, potential for drug
interactions, and absence of a survival difference compared with azithromycin alone, this regimen is not
recommended (AI). Azithromycin and clarithromycin also each confer protection against respiratory
bacterial infections. In patients who cannot tolerate azithromycin or clarithromycin, rifabutin is an alternative
prophylactic agent for MAC disease (BI), although drug interactions may complicate use of this agent.
Before prophylaxis is initiated, disseminated MAC disease should be ruled out by clinical assessment, which
for some patients may include obtaining a blood culture for MAC. TB also should be excluded before
rifabutin is used for MAC prophylaxis because treatment with the drug could result in acquired resistance to
M. tuberculosis in patients who have active TB.

Detection of MAC organisms in the respiratory or GI tract may predict disseminated MAC infection, but no
data are available regarding efficacy of prophylaxis with clarithromycin, azithromycin, rifabutin, or other
drugs among asymptomatic patients harboring MAC organisms at these sites in the presence of a negative
blood culture. Therefore, routine screening of respiratory or GI specimens for MAC is not recommended.

Discontinuing Primary Prophylaxis

Primary MAC prophylaxis should be discontinued in adults and adolescents who have responded to ART
with an increase in CD4 count to >100 cells/mm? for >3 months (AI). Two randomized, placebo-controlled
trials and observational data have demonstrated that such patients can discontinue primary prophylaxis with
minimal risk of acquiring MAC disease.?®-*? Discontinuing primary prophylaxis in patients who meet these
criteria is recommended to reduce pill burden, potential for drug toxicity, drug interactions, selection of drug-
resistant pathogens, and cost. Primary prophylaxis should be reintroduced if the CD4 count decreases to <50
cells/mm?® (AII).
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Treating Disease

Initial treatment of MAC disease should consist of two or more antimycobacterial drugs to prevent or delay
the emergence of resistance (AI).>*3-4 Clarithromycin is the preferred first agent (AI); it has been studied
more extensively than azithromycin in patients with AIDS and appears to be associated with more rapid
clearance of MAC from the blood.***3%3%4! However, azithromycin can be substituted for clarithromycin
when drug interactions or intolerance to clarithromycin preclude its use (AII). Testing MAC isolates for
susceptibility to clarithromycin or azithromycin is recommended for all patients.*>*

Ethambutol is the recommended second drug (AI). Some clinicians add rifabutin as a third drug (CI). One
randomized clinical trial demonstrated that adding rifabutin to the combination of clarithromycin and
ethambutol improved survival, and in two randomized clinical trials, this approach reduced emergence of
drug resistance®3’ in individuals with AIDS and disseminated MAC disease. These studies were completed
before the availability of effective ART. Whether similar results would be observed for patients receiving
effective ART has not been established. The addition of a third or fourth drug should be considered in
patients with advanced immunosuppression (CD4 count <50 cells/mm?), high mycobacterial loads (>2 log;
colony-forming units/mL of blood), or in the absence of effective ART, settings in which mortality is
increased and emergence of drug resistance is most likely (CIII). On the basis of data in patients not infected
with HIV, the third or fourth drug can include an injectable agent such as amikacin or streptomycin (CIII), or
possibly a fluoroquinolone such as levofloxacin or moxifloxacin (CIII), both of which appear to have in
vitro activity against MAC, although no randomized clinical trials have evaluated their singular efficacy in
the setting of clarithromycin or azithromycin treatment or effective ART.*?

Special Considerations with Regard to Starting ART

ART generally should be started as soon as possible after the first 2 weeks of initiating antimycobacterial
therapy in patients with disseminated MAC disease who have not been treated previously with or are not
receiving effective ART (CIII). The rationale for starting antimycobacterial therapy first is to lower the initial
pill burden and to reduce the risk of drug interactions and complications associated with IRIS that might occur
should both therapies be started simultaneously (CIII). The rationale for starting ART as soon as possible after
the first 2 weeks of antimycobacterial therapy is to reduce the risk of further AIDS-defining Ols and to further
improve the response to antimycobacterial therapy in the setting of advanced immunosuppression (CIII). If
ART has already been instituted, it should be continued and optimized unless drug interactions preclude safe
concomitant use of antiretroviral and antimycobacterial drugs (CIII). Patients will need continuous
antimycobacterial treatment unless they achieve immune reconstitution via antiretroviral drugs.

Monitoring of Response to Therapy and Adverse Events (including IRIS)

A repeat blood culture for MAC should be obtained 4 to 8 weeks after initiating antimycobacterial therapy
only in patients who fail to have a clinical response to their initial treatment regimens. Improvement in fever
and a decline in quantity of mycobacteria in blood or tissue can be expected within 2 to 4 weeks after
initiation of appropriate therapy; clinical response may be delayed, however, in those with more extensive
disease or advanced immunosuppression.

Adverse effects with clarithromycin and azithromycin include nausea, vomiting, abdominal pain, abnormal
taste, and elevations in liver transaminase levels or hypersensitivity reactions. Doses of clarithromycin >1
g/day for treatment of disseminated MAC disease have been associated with increased mortality and should
not be used (AI).* Rifabutin doses of >450 mg/day have been associated with higher risk of adverse drug
interactions when used with clarithromycin or other drugs that inhibit cytochrome P450 (CYP450)
isoenzyme 3A4 and may be associated with a higher risk of experiencing uveitis, arthralgias, neutropenia, or
other adverse drug reactions.*6

Patients who develop moderate-to-severe symptoms typical of IRIS during ART should receive initial
treatment with non-steroidal, anti-inflammatory drugs (CIII). If IRIS symptoms do not improve, short-term
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(4-8 weeks) systemic corticosteroid therapy, in doses equivalent to 20 to 40 mg of oral prednisone daily, has
been successful in reducing symptoms and morbidity (CII).?!4

Dosage adjustment with rifabutin is necessary in patients receiving protease inhibitors (PIs) and non-
nucleoside reverse transcriptase inhibitors (NNRTIs) because of complex drug interactions.*** PIs can
increase clarithromycin levels, but no recommendation to adjust the dose of either clarithromycin or PIs can
be made on the basis of existing data. The ability of efavirenz to induce metabolism of clarithromycin can
result in reduced serum concentration of clarithromycin but increased concentration of the 14-OH active
metabolite of clarithromycin. Although the clinical significance of this interaction is unknown, the efficacy
of clarithromycin for MAC prophylaxis could be reduced because of this interaction. Azithromycin
metabolism is not affected by the CYP450 system; azithromycin can be used safely in the presence of Pls or
NNRTIs without concerns about drug interactions.

Managing Treatment Failure

Treatment failure is defined by the absence of a clinical response and the persistence of mycobacteremia
after 4 to 8 weeks of treatment. Repeat testing of MAC isolates for susceptibility to clarithromycin or
azithromycin is recommended for patients whose disease relapses after an initial response. Most patients who
experience failure of clarithromycin or azithromycin primary prophylaxis in clinical trials had isolates
susceptible to these drugs at the time MAC disease was detected.>39-33:50:51

Because the number of drugs with demonstrated clinical activity against MAC is limited, results of
susceptibility testing should be used to construct a new multidrug regimen. The regimen should consist of at
least two new drugs not used previously, to which the isolate is susceptible. Drugs from which to choose are
ethambutol, rifabutin, amikacin, or a fluoroquinolone (moxifloxacin, ciprofloxacin, or levofloxacin), although
data supporting a survival or microbiologic benefit when these agents are added have not been compelling
(CII) 393438415256 Datq in patients being treated for MAC who are HIV-uninfected indicate that an injectable
agent such as amikacin or streptomycin should be considered (CIII).** Whether continuing clarithromycin or
azithromycin despite resistance provides additional benefit is unknown. Clofazimine should not be used
because randomized trials have demonstrated lack of efficacy and an association with increased mortality
(AI).34365% Anecdotal evidence exists for use of other second-line agents, such as ethionamide, thiacetazone
(which is not available in the United States) and cycloserine in combination with clarithromycin and
azithromycin as salvage therapy, but their role in this setting is not well defined. Optimization of ART is an
important adjunct to second-line or salvage therapy for MAC disease in patients for whom initial treatment is
unsuccessful or who have disease that is resistant to antimycobacterial drugs (AILI).

Adjunctive treatment of MAC disease with immunomodulators has not been thoroughly studied, and data are
insufficient to support a recommendation for routine use.

Preventing Recurrence
When to Start Secondary Prophylaxis

Adult and adolescent patients with disseminated MAC disease should continue secondary prophylaxis
(chronic maintenance therapy) (AII) unless immune reconstitution occurs as a result of ART.?-3

When to Stop Secondary Prophylaxis

Patients are at low risk of recurrence of MAC when they have completed a course of >12 months of treatment
for MAC, remain asymptomatic with respect to MAC signs and symptoms, and have an increase in their CD4
counts to >100 cells/mm?® that is sustained for >6 months after ART. It is reasonable to discontinue maintenance
therapy in these patients, given experience with patients who have been evaluated and inferences from more
extensive data that indicate the safety of discontinuing secondary prophylaxis for other OIs (AI).3%3857-58
Secondary prophylaxis should be reintroduced if the CD4 count decreases to <100 cells/mm? (ATII).
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Special Considerations During Pregnancy

Chemoprophylaxis for MAC disease in pregnant women and adolescents is the same as for those who are not
pregnant (AIII). Because clarithromycin is associated with an increased risk of birth defects evident in
certain animal studies, it is not recommended as the first-line agent for prophylaxis or treatment of MAC in
pregnancy (BIII). Two studies, each with slightly more than 100 women with first-trimester exposure to
clarithromycin, did not demonstrate an increase in or specific pattern of defects, although an increased risk of
spontaneous abortion was noted in one study.’>*° Azithromycin did not produce defects in animal studies, but
experience is limited with use in humans during the first trimester. Azithromycin is recommended for
primary prophylaxis in pregnancy (BIII). For secondary prophylaxis (chronic maintenance therapy),
azithromycin plus ethambutol is the preferred drug combination (BIII).

Diagnostic considerations and indications for treatment of pregnant women are the same as for women who
are not pregnant. On the basis of animal data discussed previously, azithromycin is preferred over
clarithromycin as the second agent to be combined with ethambutol for treatment of MAC disease (BIII).
Use of ethambutol should minimize concerns regarding drug interactions, allowing initiation of ART as soon
as possible during pregnancy to decrease the risk of perinatal transmission of HIV. Pregnant women whose
disease fails to respond to a primary regimen should be managed in consultation with infectious disease and
obstetrical specialists.

Recommendations for Preventing and Treating Disseminated Mycobacterium avium Complex
(MAC) Disease (page 1 of 2)

Preventing 1st Episode of Disseminated MAC Disease (Primary Prophylaxis)

Indications for Initiating Primary Prophylaxis:

« CD4 count <50 cells/mm? after ruling out disseminated MAC disease based on clinical assessment (which may include
mycobacterial blood culture for some patients) (Al)

Preferred Therapy:
* Azithromycin 1200 mg PO once weekly (Al), or

* Clarithromycin 500 mg PO BID (Al), or
* Azithromycin 600 mg PO twice weekly (BIII)

Alternative Therapy:

« Rifabutin 300 mg PO daily (BI) (dosage adjusted may be necessary based on drug-drug interactions, please refer to Table 5 for
dosing recommendation when used with ARV drugs).

Note: Active TB should be ruled out before starting rifabutin.

Indication for Discontinuing Primary Prophylaxis:
* CD4 count >100 cells/mm? for =3 months in response to ART (Al)

Indication for Restarting Primary Prophylaxis:
« CD4 count <50 cells/mm?> (Alll)

Treating Disseminated MAC Disease

Preferred Therapy:
At least 2 drugs as initial therapy to prevent or delay emergence of resistance (Al)

* Clarithromycin 500 mg PO twice daily (Al) + ethambutol 15 mg/kg PO daily (Al), or

* Azithromycin 500-600 mg (All) + ethambutol 15 mg/kg PO daily (Al) when drug interactions or intolerance precludes the use of
clarithromycin

Note: Testing of susceptibility to clarithromycin or azithromycin is recommended.
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Recommendations for Preventing and Treating Disseminated Mycobacterium avium Complex
(MAC) Disease (page 2 of 2)

Alternative Therapy:

Addition of a third or fourth drug should be considered for patients with advanced immunosuppression (CD4 count <50
cells/mm?), high mycobacterial loads (>2 log CFU/mL of blood), or in the absence of effective ART (CIII).

The 3rd or 4th drug options may include:

* Rifabutin 300 mg PO daily (Cl) (dosage adjusted may be necessary based on drug-drug interactions), or
 An aminoglycoside (ClI) such as amikacin 10-15 mg/kg IV daily or streptomycin 1 gm IV or IM daily, or
« A fluoroquinolone (CHI) such as levofloxacin 500 mg PO daily or moxifloxacin 400 mg PO daily

Chronic Maintenance Therapy (Secondary Prophylaxis)
* Same as treatment regimens
Criteria for Discontinuing Chronic Maintenance Therapy (All):

e Completed at least 12 months therapy, and
* No signs and symptoms of MAC disease, and
« Have sustained (>6 months) CD4+ count >100 cells/mm? in response to ART

Indication for Restarting Secondary Prophylaxis:
* CD4 <100 cells/mm? (Alll)

Other Considerations:

* NSAIDs may be used for patients who experience moderate to severe symptoms attributed to RIS (CIlI).

« If RIS symptoms persist, a short term (4-8 weeks) of systemic corticosteroid (equivalent to 20-40 mg of prednisone) can be
used (ClI).

Key to Acronyms: MAC = Mycobacterium avium Complex; CD4 = CD4 T lymphocyte; PO = orally; BID = twice daily; ARV =

antiretroviral; TB = tuberculosis; CFU = colony-forming units; ART = antiretroviral therapy; IV = intravenous; IM = intramuscular; IRIS =

immune reconstitution inflammatory syndrome; NSAIDs = Non-steroidal anti-inflammatory drugs
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Bacterial Respiratory Disease (Last updated May 7, 2013; last reviewed May 7,
2013)

Epidemiology

Bacterial respiratory diseases; including sinusitis, bronchitis, otitis, and pneumonia; are among the most
common infectious complications in patients with HIV infection, occurring with increased frequency at all
CD4 T lymphocyte cell (CD4) counts,' and some data suggest that bacterial pneumonia may occur with
increased severity in this population. This chapter will focus on the diagnosis, prevention, and management
of bacterial pneumonia in HIV-infected patients.

Bacterial pneumonia is a common cause of HIV-associated morbidity and recurrent pneumonia (2 or more
episodes within a 1-year period) is an AIDS-defining condition. The incidence of bacterial pneumonia is
higher in HIV-infected individuals than in those who are not HIV infected.>? More recently, the incidence of
bacterial pneumonia in HIV-infected individuals has declined. In one study, the incidence of bacterial
pneumonia declined from 22.7 episodes per 100 person-years in the era before combination antiretroviral
therapy (ART) to 9.1 episodes per 100 person-years by 1997.3-

Bacterial pneumonia may be the first manifestation of underlying HIV infection and can occur at any stage
of HIV disease and at any CD4 count. The high rates of bacterial pneumonia in HIV-infected individuals
probably result from multiple factors, including qualitative B-cell defects that impair ability to produce
pathogen-specific antibody; impaired neutrophil function or numbers, or both; and factors, such as injection
drug use, that are associated with underlying HIV infection. Risk factors associated with an increased risk of
bacterial pneumonia include low CD4 count (< 200 cells/mm?), no or intermittent use of ART, cigarette
smoking, injection drug use, and chronic viral hepatitis.

In HIV-infected individuals, as in those who are not HIV infected, Streptococcus pneumoniae and Haemophilus
species are the most frequently identified causes of community-acquired bacterial pneumonia.®!? Atypical
bacterial pathogens such as Legionella pneumophila, Mycoplasma pneumoniae, and Chlamydophila species
have been reported as infrequent causes of community-acquired bacterial pneumonia in HIV-infected
individuals.”!?

The frequency of Pseudomonas aeruginosa and Staphylococcus aureus as community-acquired pathogens is
higher in HIV-infected individuals than in those not HIV infected.!®!'* Methicillin-resistant Staphylococcus
aureus (MRSA) infection, in particular, should be considered as a potential etiology for pneumonia, given
that community outbreaks of MRSA have been seen in men who have sex with men and nasal carriage of
MRSA is more common in HIV-infected individuals, particularly at lower CD4 cell counts.'® Also,
community-acquired MRSA pneumonia may not invariably be associated with preceding influenza illness.®

In HIV-infected patients, particularly those infected with S. pneumoniae, incidence of bacteremia
accompanying pneumonia is increased compared with that in individuals who are not HIV infected. In one
study, the estimated rate of pneumococcal bacteremia in patients with AIDS (1,094 cases per 100,000) was
~55 times that in HIV-uninfected individuals (20 cases per 100,000). This disparity narrowed but was not
eliminated after the introduction of ART.!” Other studies have highlighted the declining incidence of
pneumococcal bacteremia in the era of ART.!

Bacterial pneumonia is associated with increased mortality in HIV-infected individuals.'®!*2° In HIV-infected
individuals with community-acquired bacterial pneumonia, a prospective, multicenter study documented
CD4 count <100 cells/mm?, radiographic progression of disease, and presence of shock as independent
predictors of increased mortality.?! In that study, multilobar infiltrates, cavitary infiltrates, and pleural
effusion on baseline radiograph all were independent predictors of radiographic progression of disease.

Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and Adolescents — H-1



Clinical Manifestations

Clinical and radiographic presentation of bacterial pneumonia in HIV-infected individuals is similar to that in
those who are not HIV infected. Patients with pneumonias caused by bacteria such as S. pneumoniae or
Haemophilus species characteristically have acute onset (3—5 days) of symptoms, including fevers, chills,
rigors, chest pain or pleurisy, cough productive of purulent sputum, and dyspnea.?? They are often febrile and
the presence of fever, tachycardia, or hypotension can be an indicator of sepsis. Tachypnea and decreased
arterial oxygen saturation indicate moderate-to-severe pneumonia and clinicians should strongly consider
hospitalizing such patients.

Patients with bacterial pneumonia typically have signs of focal consolidation, such as egophony, and/or
pleural effusion on lung examination. In contrast, lung examination often is normal in those with
Pneumocystis pneumonia (PCP), and if abnormal, reveals inspiratory crackles. In patients with bacterial
pneumonia, the white blood cell (WBC) count usually is elevated. The elevation may be relative to baseline
WBC in those with advanced HIV. A left shift in WBC differential may be present.

Individuals with bacterial pneumonia characteristically exhibit unilateral, focal, segmental, or lobar
consolidation on chest radiograph. The frequency of these typical radiographic findings, however, may
depend on the underlying bacterial pathogen. Those with pneumonia due to S. pneumoniae or Haemophilus
typically present with consolidation, whereas presence of cavitation may be a feature more suggestive of P,
aeruginosa or S. aureus.

Disease severity and arterial oxygenation should be assessed in all patients with pneumonia. Noninvasive
measurement of arterial oxygen saturation via pulse oximetry is an appropriate screening test. Arterial blood
gas analysis is indicated for those with evidence of hypoxemia suggested by noninvasive assessment and for
patients who have tachypnea and/or respiratory distress. Criteria developed to assess disease severity in HI'V-
uninfected persons, such as the Pneumonia Severity Index (PSI) (http://pda.ahrg.gov/clinic/psi/psicalc.asp)
appear to be valid for HIV-infected patients, especially when used in combination with CD4 count?!-*
(discussed in further detail in Treating Disease).

Diagnosis

Guidelines for diagnosing and managing community-acquired pneumonia (CAP) in individuals who are not
HIV infected also apply to those who are infected.?* Patients with clinical symptoms and signs suggestive of
CAP should have posteroanterior and lateral chest radiographs, if possible. If previous radiographs are
available, they should be reviewed to assess for presence of new findings. The clinical diagnosis of bacterial
pneumonia requires a demonstrable infiltrate.

Given the increased incidence of Mycobacterium tuberculosis in HIV-infected individuals, a tuberculosis
(TB) diagnosis should always be considered in HIV-infected patients who have pneumonia. Those with
clinical and radiographic findings suggestive of TB should be managed as potentially having TB (that is,
with respiratory isolation if hospitalized), and two to three sputum specimens should be obtained for acid fast
bacilli evaluation. In settings where the prevalence of TB is high, initiation of empiric therapy for both
bacterial pneumonia and TB may be appropriate for patients in whom both diagnoses are strong
considerations and after diagnostic studies are undertaken.

Often, the differential diagnosis of pneumonia in HIV-infected individuals is broad and a confirmed
microbiologic diagnosis allows clinicians to target the specific pathogen and discontinue broad spectrum
antibiotic therapy and/or empiric therapy (such as empiric PCP therapy) that targets non-bacterial pathogens.

HIV-infected patients with suspected CAP should undergo investigation for specific pathogens that would
significantly alter standard (empirical) management decisions when presence of such pathogens is suspected
based on epidemiologic, clinical, or radiologic clues. P. aeruginosa should be considered in HIV-infected
patients with advanced HIV disease (that is, CD4 count <50 cells/mm?), pre-existing lung disease such as
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bronchiectasis, or underlying neutropenia. It is also a consideration for HIV-infected patients who use
corticosteroids, are severely malnourished, have been hospitalized in the past 90 days or reside in a health
care facility or nursing home, or are on chronic hemodialysis. Because cavitary infiltrates are common in
patients with P. aeruginosa, that radiographic finding also should prompt an investigation for this pathogen.
S. aureus should be considered in patients with recent viral (or influenza) infection; a history of injection
drug use; or severe, bilateral, necrotizing pneumonia.

Routine diagnostic tests to identify an etiologic diagnosis are optional for HIV-infected patients with
suspected CAP who are well enough to be treated as outpatients, especially if the microbiologic studies
cannot be performed promptly.

In contrast, a pre-treatment expectorated sputum specimen for Gram stain and culture and two blood cultures
should be obtained from HIV-infected patients hospitalized for suspected CAP, particularly those who
require intensive care.

Gram stain and culture of expectorated sputum should be performed only if a good-quality specimen can be
obtained and quality performance measures can be met for collection, transport, and processing of samples.
Correlation of sputum culture with Gram stain can help in interpretation of sputum culture data. For
intubated patients, an endotracheal aspirate sample should be obtained. Bronchoscopy with bronchoalveolar
lavage should be considered, especially if the differential diagnosis is broad and includes pathogens such as
Pneumocystis jirovecii.

The increased incidence of bacteremia in HIV-infected patients, especially those with low CD4 cell counts,
and the high specificity of blood cultures argue for their collection in such individuals. Low sensitivity of
blood cultures in persons with higher CD4 counts argues against routine collection. However, patients with
HIV infection are at increased risk of infection with drug-resistant pneumococci.?>® Because identification
of this organism could lead to changes in management, collection of blood specimens in HI V-infected
patients with CAP should always be considered.

In addition to the above tests, urinary antigen tests for L. pneumophila and S. pneumoniae should be
considered.

Diagnostic thoracentesis should be considered in all patients with pleural effusion, especially if concern
exists for accompanying empyema, and therapeutic thoracentesis should be performed to relieve respiratory
distress secondary to a moderate-to-large-sized pleural effusion.

Preventing Exposure

No effective means exist to reduce exposure to S. pneumoniae and Haemophilus influenzae, which are
common in the community.

Preventing Disease

Vaccination against S. pneumoniae and influenza, use of combination ART, and lifestyle modifications are all
important measures in preventing bacterial pneumonia. Multiple observational studies of pneumococcal
polysaccharide vaccine (PPV) in the United States have reported benefits from such vaccination in HIV-
infected persons.?’-** Several studies also have documented an association between vaccination and a reduced
risk of pneumococcal bacteremia.'®3? One randomized placebo-controlled trial of PPV in Africa
paradoxically found that vaccination was associated with an increased risk of pneumonia.** Follow-up of this
cohort confirmed the increase in pneumonia in vaccinated subjects but also showed a decrease in all-cause
mortality.3*

A 13-valent pneumococcal conjugate vaccine (PCV13) has recently been recommended by the Advisory
Committee on Immunization Practices for use in adults with immunocompromising conditions, including
HIV infection.’*> A randomized, double-blind, placebo-controlled trial of 7-valent PCV among HIV-infected
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adults in Malawi demonstrated 74% efficacy against vaccine-type invasive pneumococcal disease, with clear

evidence of efficacy in those with CD4 counts <200 cells/mm?.3¢

HIV-infected adults and adolescents who have never received any pneumococcal vaccine should receive a
single dose of PCV13 regardless of CD4 count (AI).> Patients with CD4 counts >200 cells/mm? should then
receive a dose of 23-valent PPV (PPV23) at least 8 weeks later (AII).2” 32373 HIV-infected patients with
CD4 counts <200 cells/mm? can be offered PPV23 at least 8 weeks after receiving PCV13 (CIII); however,
it may be preferable to defer PPV23 until after the CD4 count increases to >200 cells/mm? on ART (BIII).
Clinical evidence supporting use of PPV23 in persons with CD4 counts <200 cells/mm? appears strongest in
patients who also have HIV RNA <100,000 copies/mL;*”-* evidence also suggests benefit for those who start
ART before receiving PPV.3?

The duration of the protective effect of PPV23 is unknown; a single revaccination with PPV is recommended
if >5 years have elapsed since the first dose of PPV23 was given (BIII).*! A third dose of PPV23 should be
given at age 65 years or later, as long as 5 years have elapsed since the most recent dose and it was given
before age 65 years (BIII).

PCV13 should also be given in HIV-infected patients who have already received PPV23 (AII). However,
such patients should wait at least 1 year after their most recent dose of PPV23 before receiving a single dose
of PCV13 (BIII).* Subsequent doses of PPV23 should be given according to the schedule outlined above
(i.e., at least 5 years between doses of PPV23 with no more than 3 lifetime doses).

Inactivated influenza vaccine should be administered annually during influenza season to all HIV-infected
individuals (AIII).*’ This recommendation is pertinent to prevention of bacterial pneumonia, which can
occur as a complication of influenza. Use of live attenuated influenza vaccine is contraindicated and is not
recommended in HIV-infected individuals (AIII).

The incidence of H. influenzae type b infection in HIV-infected adults is low. Therefore, H. influenzae type
vaccine is not usually recommended for adult use (BIII) unless a patient also has anatomic or functional
asplenia.

Several factors are associated with a decreased risk of bacterial pneumonia, including use of ART and of
trimethoprim-sulfamethoxazole (TMP-SMX) for PCP prophylaxis.?° In many studies, daily administration of
TMP-SMX for PCP prophylaxis also reduced the frequency of bacterial respiratory infections.?**? This
point should be considered when selecting an agent for PCP prophylaxis; however, indiscriminate use of this
drug (when not indicated for PCP prophylaxis or other specific reasons) may promote development of TMP-
SMX-resistant organisms. Thus, TMP-SMX should not be prescribed solely to prevent bacterial respiratory
infection (BIII). Similarly, clarithromycin administered daily and azithromycin administered weekly are the
drugs of choice for Mycobacterium avium complex (MAC) prophylaxis and may be effective in preventing
bacterial respiratory infections.**** However, these drugs also should not be prescribed solely for preventing
bacterial respiratory infection (BIII).

A decreased absolute neutrophil count (e.g., <500 cells/mm?) is associated with an increased risk of bacterial
infections, including pneumonia, although this risk has been demonstrated primarily in persons with
malignancies. To reduce the risk of such bacterial infections, clinicians can consider taking steps to reverse
neutropenia, either by stopping myelosuppressive drugs (CIII) or by administering granulocyte-colony
stimulating factor (CIII), although these interventions have not been demonstrated to be effective in HIV-
infected persons.

Modifiable factors associated with an increased risk of bacterial pneumonia include smoking cigarettes and
using injection drugs and alcohol.>3#47 Clinicians should encourage cessation of these behaviors, and data
suggest that smoking cessation can decrease the risk of bacterial pneumonia.*
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Treating Disease

Whether patients should be treated on an outpatient basis or admitted to the hospital depends on several
factors. One study suggested that the site of care decision be dictated by considering the PSI and CD4 count
together.”? Mortality was increased in patients with higher PSI class, but even in those without an increased
mortality risk by PSI, the presence of a CD4 count <200 cells/mm?® was associated with an increased risk of
death.?® This led to the suggestion to always offer hospitalization to CAP patients with CD4 counts <200
cells/mm? and to use the PSI to help guide the decision in those with higher CD4 counts.*’ In fact, in one
series of 118 HIV-infected patients with CAP who were hospitalized, 62% fell into PSI Classes I and I,
groups that are rarely hospitalized if not HIV infected.*® In another study, 40% of hospitalized HIV-infected

patients in low-risk PSI classes had CD4 counts <200 cells/mm?3.2

The basic principles of treatment of community-acquired bacterial pneumonia are the same for HIV-infected
patients as for those who are not HIV infected.?* As discussed in the Diagnosis section, if specimens are to be
collected for diagnosis, they should be taken before antibiotic therapy is initiated. Antibiotic therapy should
be administered promptly, however, without waiting for the results of diagnostic testing.

Empiric Antibiotic Therapy by Treatment Setting and Severity of Diseases

Outpatient Treatment

HIV-infected individuals who are being treated as outpatients should receive an oral beta-lactam plus an oral
macrolide (AII) or an oral respiratory fluoroquinolone (AII). Preferred beta-lactams are high-dose
amoxicillin or amoxicillin-clavulanate; alternatives are cefpodoxime or cefuroxime. Preferred macrolides are
azithromycin or clarithromycin. Doxycycline is an alternative to the macrolide (CIII). Preferred oral
respiratory fluoroquinolones are moxifloxacin or levofloxacin.

An oral respiratory fluoroquinolone (moxifloxacin or levofloxacin) should be used in patients who are
allergic to penicillin (AII).

Respiratory fluoroquinolones also are active against M. tuberculosis. Thus, patients with TB who are treated
with fluoroquinolone monotherapy may have an initial but misleading response that could delay diagnosis of
TB and initiation of appropriate multidrug TB therapy and increase risk of drug-resistant TB and TB
transmission. Fluoroquinolones, therefore, should be used with caution in patients in whom TB is suspected but
who are not being treated with concurrent standard four-drug TB therapy. Increasing rates of pneumococcal
resistance suggest that empirical therapy with a macrolide alone cannot be routinely recommended (BIII).
Patients who are receiving a macrolide for MAC prophylaxis should never receive macrolide monotherapy for
empiric treatment of bacterial pneumonia, but macrolides can be used as part of a combination regimen.

Non-Intensive Care Unit Inpatient Treatment

HIV-infected individuals who are being treated as inpatients should receive an intravenous (I'V) beta-lactam
plus a macrolide (AII) or an IV respiratory fluoroquinolone (AII). Preferred beta-lactams are ceftriaxone,
cefotaxime, or ampicillin-sulbactam. Preferred macrolides are azithromycin and clarithromycin. Doxycycline is
an alternative to the macrolide (CIII). Preferred respiratory fluoroquinolones are moxifloxacin or levofloxacin.
Clinical and Laboratory Standards Institute and U.S. Food and Drug Administration changes in the penicillin
breakpoints for treatment of non-meningitis pneumococcal disease imply that clinicians can consider treatment
with IV penicillin in HIV-infected patients confirmed to have pneumococcal pneumonia (BIII).>!

In patients who are allergic to penicillin, an IV respiratory fluoroquinolone (moxifloxacin or levofloxacin
[750 mg/day]) should be used (AII).

Because of the activity of fluoroquinolones against M. tuberculosis and the dangers of monotherapy in those
with TB, as previously discussed, fluoroquinolones should be used with caution in patients in whom TB is
suspected but who are not being treated with concurrent standard four-drug TB therapy.
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Increasing rates of pneumococcal resistance suggest that empirical therapy with a macrolide alone cannot be
recommended routinely (BIII). Patients who are receiving a macrolide for MAC prophylaxis should never
receive macrolide monotherapy for empiric treatment of bacterial pneumonia, but macrolides can be used as
part of a combination regimen.

Intensive Care Unit Treatment

Intensive care unit patients should not receive empiric monotherapy, even with a fluoroquinolone, because
the efficacy of this approach has not been established. In one study, the use of dual therapy (usually with a
beta-lactam plus a macrolide) was associated with reduced mortality in patients with bacteremic
pneumococcal pneumonia, including those admitted to the intensive care unit.”? Patients with severe
pneumonia who require intensive care should be treated with an I'V beta-lactam plus either IV azithromycin
(AII) or an IV respiratory fluoroquinolone (moxifloxacin or levofloxacin [750 mg/day]) (AII). Preferred
beta-lactams are ceftriaxone, cefotaxime, or ampicillin-sulbactam.

In patients who are allergic to penicillin, aztreonam plus an IV respiratory fluoroquinolone (moxifloxacin or
levofloxacin [750 mg/day]) should be used (BIII).

The majority of CAP pathogens can be treated adequately with recommended empiric regimens. The
increased incidence of P. aeruginosa and S. aureus (including community-acquired MRSA) as causes of
CAP are exceptions. Both of these pathogens occur in specific epidemiologic patterns with distinct clinical
presentations, for which empiric antibiotic coverage may be warranted. Diagnostic tests (sputum Gram stain
and culture) are likely to be of high yield for these pathogens, allowing early discontinuation of empiric
treatment if results are negative.

Empiric Pseudomonas aeruginosa Treatment

If risk factors for Pseudomonas infection are present, an antipneumococcal, antipseudomonal beta-lactam
plus either ciprofloxacin or levofloxacin (750-mg dose) should be used (BIII). Preferred beta-lactams are
piperacillin-tazobactam, cefepime, imipenem, or meropenem. Alternatives are an antipneumococcal,
antipseudomonal beta-lactam plus an aminoglycoside and azithromycin (BIII) or an antipneumococcal,
antipseudomonal beta-lactam plus an aminoglycoside and an antipneumococcal fluoroquinolone (BIII). In
patients who are allergic to penicillin, aztreonam can be used in place of the beta-lactam (BIII).

Empiric Staphylococcus aureus Treatment

In patients who have risk factors for S. aureus infection, including community-acquired MRSA, vancomycin
or linezolid should be added to the antibiotic regimen (BIII). Although not routinely recommended, the
addition of clindamycin (to vancomycin, but not to linezolid) may be considered if severe necrotizing
pneumonia is present to minimize bacterial toxin production (CIII).

Pathogen-Directed Therapy

When the etiology of the pneumonia has been identified on the basis of reliable microbiological methods,
antimicrobial therapy should be modified and directed at that pathogen.

Switch from Intravenous to Oral Therapy

A switch to oral therapy should be considered in patients with CAP on IV antibiotic therapy who have
improved clinically, can swallow and tolerate oral medications, and have intact gastrointestinal function.
Suggested criteria for clinical stability include oral temperature <37.8°C, heart rate <100 beats/minute,
respiratory rate <24 breaths/minute, systolic blood pressure >90 mm Hg, and room air oxygen saturation
>90% or partial pressure of oxygen in arterial blood (PaO,) >60 mm Hg.**

Special Considerations Regarding When to Start Antiretroviral Therapy
The presence of acute opportunistic infection (OI), including bacterial pneumonia, increases the urgency of
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starting ART. In one randomized, controlled trial, use of ART early in the course of Ols, including bacterial
infections, led to less AIDS progression and death compared with later onset of therapy.>® Therefore, in
patients not already on ART, ART should be initiated early in the course of bacterial pneumonia (AI).

Monitoring of Response to Therapy and Adverse Events (Including IRIS)

The clinical response to appropriate antimicrobial therapy is similar in HIV-infected patients and individuals
who are not HIV infected.>* A clinical response (i.e., reduction in fever and improvement in respiratory
symptoms, physical findings, and laboratory studies) typically is observed within 48 to 72 hours after
initiation of appropriate antimicrobial therapy. The presence of advanced HIV infection, CD4 count <100
cells/mm?, and S. pneumoniae etiology were predictors of needing >7 days to reach clinical stability, whereas
those patients receiving ART tended to become clinically stable sooner.*’ Usually, radiographic improvement
lags behind clinical improvement.

Immune reconstitution inflammatory syndrome (IRIS) has not been described in association with bacterial
respiratory disease and treatment with ART in HIV-infected patients.

Managing Treatment Failure

Patients who fail to respond to appropriate antimicrobial therapy should undergo further evaluation to search
for other infectious and noninfectious causes of pulmonary dysfunction. The possibility of TB should always
be considered in HIV-infected patients with pulmonary disease.

Preventing Recurrence

HIV-infected patients should receive pneumococcal and influenza vaccine as recommended. Antibiotic
chemoprophylaxis generally is not recommended specifically to prevent recurrences of bacterial respiratory
infections because of the potential for development of drug-resistant microorganisms and drug toxicity.

Special Considerations During Pregnancy

The diagnosis of bacterial respiratory tract infections in pregnant women is the same as in those who are not
pregnant, with appropriate shielding of the abdomen during radiographic procedures. Bacterial respiratory
tract infections should be managed as in women who are not pregnant, with certain exceptions.
Clarithromycin is not recommended as the first-line agent among macrolides because of an increased risk of
birth defects seen in some animal studies. Two studies, each involving at least 100 women with first-
trimester exposure to clarithromycin, did not document a clear increase in or specific pattern of birth defects,
although an increased risk of spontaneous abortion was noted in one study.*>*® Azithromycin did not produce
birth defects in animal studies, but experience with human use in the first trimester is limited. Azithromycin
is recommended when a macrolide is indicated in pregnancy (BIII). Arthropathy has been noted in immature
animals with in utero exposure to quinolones. However, studies evaluating quinolone use in pregnant women
did not find an increased risk of birth defects or musculoskeletal abnormalities.’”*® Thus, when indicated,
quinolones can be used in pregnancy for serious respiratory infections (CIII).*

Doxycycline is not recommended for use during pregnancy because of increased hepatotoxicity and staining
of fetal teeth and bones. Beta-lactam antibiotics have not been associated with teratogenicity or increased
toxicity in pregnancy. Aminoglycosides can be used as needed. A theoretical risk of fetal renal or eighth
nerve damage exists with exposure during pregnancy, but this finding has not been documented in humans,
except with streptomycin (10% risk) and kanamycin (2% risk). Experience with linezolid in human
pregnancy has been limited, but it was not teratogenic in mice, rats, and rabbits.

Pneumonia during pregnancy is associated with increased rates of preterm labor and delivery. Pregnant
women with pneumonia after 20 weeks’ gestation should be monitored for evidence of contractions (BII).

Pneumococcal vaccine can be administered during pregnancy (AIII). Although its safety during the first
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trimester has not been evaluated, no adverse consequences have been reported among newborns whose
mothers were inadvertently vaccinated during pregnancy. Inactivated influenza vaccine also can be
administered during pregnancy, and the vaccine is recommended for all pregnant women during influenza

season (AIII). Live attenuated influenza vaccine should not be used in HIV-infected persons (AIII). Because
administration of vaccines can be associated with a transient rise in plasma HIV RNA levels, vaccination of

pregnant women is recommended after ART has been initiated to minimize increases in plasma HIV RNA
levels that might increase the risk of perinatal transmission of HIV.

Recommendations for Preventing and Treating Bacterial Respiratory Diseases (page 1 of 3)

Preventing Streptococcus pneumoniae Infections

Indications for Pneumococcal Vaccination:
* All HIV-infected persons regardless of CD4 count

Vaccination Recommendations:

For Individuals Who Have Not Received Any Pneumococcal Vaccination:

Preferred Vaccination:

* One dose of PCV13 (Al), followed by:

« For patients with CD4+ count >200 cells/uL: PPV23 should be given at least 8 weeks after receiving PCV13 (All); or

« For patients with CD4 count <200 cells/uL: PPV23 can be offered at least 8 weeks after receiving PCV13 (CIll) or can await
increase of CD4 count to >200 cells/uL on ART (BIII)

Alternative Vaccination:
* One dose of PPV23 (BIl)

For Individuals Who Have Previously Received PPV?23:
* One dose of PCV13 should be given at least 1 year after the last receipt of PPV23 (All)

Re-vaccination of PPV
« A dose of PPV23 is recommended for individuals 19-64 years old if >5 years have elapsed since the first dose of PPV (BIII)
¢ Another dose should be given for individuals 65 years or older, if at least 5 years have elapsed since previous PPV23 dose (BIl)

Vaccine Dosing:
*PCV13-0.5mL IM
*PPV23-0.5mLIM

Preventing Influenza and Bacterial Pneumonia as a Complication of Influenza

Indication for Influenza Vaccination:
* All HIV-infected persons during influenza season (Alll)

Vaccination:
* Inactivated influenza vaccine per recommendation of the season (Alll)

Note: Live attenuated influenza vaccine is contraindicated in HIV-infected persons (Alll)

Treating Community-Acquired Bacterial Pneumonia

Note—Empiric antimicrobial therapy should be initiated promptly for patients presenting with clinical and radiographic evidence
consistent with bacterial pneumonia. The recommendations listed below are suggested empiric therapy. The regimen should be
modified as needed once microbiologic and drug susceptibility results are available.

Empiric Outpatient Therapy (Oral)

Preferred Therapy:
* An oral beta-lactam + a macrolide (azithromycin or clarithromycin) (All), or

* Preferred beta-lactams: high-dose amoxicillin or amoxicillin/clavulanate
o Alternative beta-lactams: cefpodoxime or cefuroxime

Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and Adolescents

H-8



Recommendations for Preventing and Treating Bacterial Respiratory Diseases (page 2 of 3)

« A fluoroquinolone® (All), especially for patients with penicillin allergies
* Levofloxacin® 750 mg PO once daily (All), or
* Moxifloxacin® 400 mg PO once daily (All)

Alternative Therapy:
¢ A beta-lactam (All) + doxycycline (CIlI)

Duration of Therapy:
¢ For most patients: 7-10 days; a minimum of 5 days. The patient should be afebrile for 48—72 hours, and should be clinically
stable before discontinuation of therapy
Empiric Therapy for Non-ICU Hospitalized Patients
Preferred Therapy:
¢ An |V beta-lactam + a macrolide (azithromycin or clarithromycin) (All), or
* Preferred beta-lactams: ceftriaxone, cefotaxime, or ampicillin-sulbactam

* An IV fluoroquinolone® (All), especially for patients with penicillin allergies
* Levofloxacin® 750 mg IV once daily (All), or
* Moxifloxacin® 400 mg IV once daily (All)

Alternative Therapy:
* An IV beta-lactam (All) + doxycycline (CIII)
* |V penicillin may be used for confirmed pneumococcal pneumonia (BIII)

Empiric Therapy for ICU Patients

Preferred Therapy:

¢ An IV beta-lactam + IV azithromycin (All), or

* An IV beta-lactam + (levofloxacin® IV 750 mg once daily or moxifloxacin® 400mg 1V daily) (All)
* Preferred beta-lactams: ceftriaxone, cefotaxime, or ampicillin-sulbactam

Alternative Therapy:
For Penicillin-Allergic Patients:
e Aztreonam (IV) + an IV respiratory fluoroquinolone (moxifloxacin 400 mg per day or levofloxacin 750 mg per day) (BIII)

Empiric Therapy for Patients at Risk of Pseudomonas Pneumonia
Preferred Therapy:
* An IV antipneumococcal, antipseudomonal beta-lactam + (ciprofloxacin IV [400 mg q8—12h] or levofloxacin IV 750 mg/day) (BIII)

* Preferred beta-lactams: piperacillin-tazobactam, cefepime, imipenem, or meropenem

Alternative Therapy:

* An IV antipneumococcal, antipseudomonal beta-lactam + an [V aminoglycoside + IV azithromycin (BIIl), or

* An |V antipneumococcal, antipseudomonal beta-lactam + an [V aminoglycoside + an IV antipneumococcal fluoroquinolone
(moxifloxacin [400 mg/day] or levofloxacin [750 mg/day]) (BIII)

For Penicillin-Allergic Patients:
* Replace the beta-lactam with aztreonam (BIII)

Empiric Therapy for Patients at Risk of Staphylococcus aureus Pneumonia:
* Vancomycin IV or linezolid (IV or PO) should be added to the baseline regimen (BIII).

* Although not routinely recommended, the addition of clindamycin to vancomycin (but not to linezolid) may be considered for
severe necrotizing pneumonia to minimize bacterial toxin production (CIII).

Other Considerations

« Empiric therapy with a macrolide alone is not routinely recommended because of increasing pneumococcal resistance (BIII).

« Patients receiving a macrolide for MAC prophylaxis should not receive macrolide monotherapy for empiric treatment of bacterial
pneumonia.
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Recommendations for Preventing and Treating Bacterial Respiratory Diseases (page 3 of 3)

* Once the pathogen has been identified by reliable microbiologic methods, antibiotics should be modified to treat the pathogen
(BII).

* For patients begun on IV antibiotic therapy, switching to PO should be considered when patient is clinically improved and able to
tolerate oral medications.

* Antibiotics chemoprophylaxis is generally not recommended because of the potential for development of drug resistance
microorganisms and drug toxicities.

 Respiratory fluoroquinolones such as levofloxacin or moxifloxacin are also active against Mycobacterium tuberculosis. In patients
with undiagnosed TB, fluoroquinolones may alter response to therapy, delay TB diagnosis, and increase the risk of drug resistance.
These drugs should be used with caution in patients in whom TB is suspected but who are not receiving a standard 4-drug TB
regimen.

Key to Acronyms: PCV13 = 13-Valent Pneumococcal Conjugate Vaccine; CD4 = CD4 T lymphocyte cell; PPV 23 = 23-Valent
Pneumococcal Polysaccharide Vaccine; ART = antiretroviral therapy; IM = intramuscularly; PO = Orally; IV = Intravenously; MAC =
Mycobacterium avium complex
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Bacterial Enteric Infections (Last updated October 28, 2014; last reviewed October
28, 2014)

Epidemiology

Rates of Gram-negative bacterial enteric infections are at least 10-fold higher among HIV-infected adults
than in the general population but decline when patients are on antiretroviral therapy (ART).!7 The risk of
bacterial diarrhea varies according to CD4 T-lymphocyte (CD4) count and is greatest in individuals with
clinical AIDS and/or <200 CD4 cells/mm?.> The most common routinely cultured enteric bacteria among
HIV-infected adults in the United States are Salmonella (particularly Salmonella enterica serotypes
Typhimurium and Enteritidis), Shigella, and Campylobacter. Diarrheagenic Escherichia coli, particularly
enteroaggregative E. coli, may contribute to the burden of diarrheal disease® but their role is poorly
understood because diagnosis requires specialized laboratory capacity. Clostridium difficile-associated
infection (CDI) is common in HIV-infected patients; recent data’ suggest that low CD4 count (<50
cells/mm?) is an independent disease risk factor in addition to the traditional risk factors such as exposure to
a healthcare facility or to antibiotics. Increased recognition of community-associated CDI in HIV-uninfected
individuals suggests that the healthcare provider should consider CDI in the evaluation of outpatient
diarrheal illnesses. Data on Helicobacter pylori infection in HIV infection are limited and do not suggest
excess risk in HIV-infected individuals. Other enteric infections that may cause diarrhea, such as
Mycobacterium avium complex (MAC) and cytomegalovirus are discussed elsewhere in these guidelines.

As with bacterial enteric infections in HIV-uninfected persons, the probable source for most enteric infections in
HIV-infected patients is ingestion of contaminated food or water.? Sexual activity with the potential for direct or
indirect fecal-oral exposure also increases risk of infections, especially with Shigella'® and Campylobacter'! (see
Appendix for further details.). HIV-associated alterations in mucosal immunity or intestinal integrity and
treatment with acid-suppressive agents may facilitate acquisition of enteric bacterial infections.

Clinical Manifestations

The three major clinical syndromes of infection with Gram-negative enteric bacteria among HIV-infected
patients are:

* Self-limited gastroenteritis;

* More severe and prolonged diarrheal disease, potentially associated with fever, bloody diarrhea, and
weight loss; and

* Bacteremia associated with extra-intestinal involvement, with or without concurrent or preceding
gastrointestinal (GI) illness.!*!3

Severe community-associated diarrhea is often defined as >6 loose stools (loose stool is defined as defecated
material that takes the shape of a container) per day with or without other signs of disease such as fecal blood,
orthostatic hypotension, or fever. In HIV-infected patients, the risk of more profound illness increases with the
degree of immunosuppression.!**16 Relapses in infection with Salmonella and other Gram-negative bacterial
enteric pathogens after appropriate treatment have been well documented in HIV-infected patients.!”!”

Diagnosis

Assessment of patients with diarrhea should include a complete exposure history (see below); medication
review, because diarrhea is a common side effect of some ART and antibiotics; quantification of the diarrheal
illness by stool frequency, volume, duration, and presence of blood; and associated signs and symptoms,
such as presence and duration of fever. Physical examination should include measurement of temperature
and assessment of volume and nutritional status.
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The diagnosis of Gram-negative bacterial enteric infection is established through cultures of stool and blood.
Because incidence of bacteremia associated with Sa/monella gastroenteritis is high in HIV-infected
individuals, particularly those with advanced disease, blood cultures should be obtained from any patient
with diarrhea and fever. For shigellosis, blood cultures may be helpful but are less likely to be positive than
in salmonellosis.

Other infections for which HIV-infected patients are at risk, albeit at a lower rate, are non-jejuni non-coli
Campylobacter species, such as Campylobacter fetus, Campylobacter upsaliensis, and Campylobacter lari,
and the enterohepatic Helicobacter spp. (Helicobacter cineadi and Helicobacter fennelliae), which were
originally described as Campylobacter spp. Blood culture systems typically will grow these bacteria, but they
are unlikely to be identified on routine stool cultures performed by most laboratories because special stool
culture conditions are required for growth of these fastidious organisms.

A stool sample for C. difficile toxin or polymerase chain reaction (PCR) assay should be routinely performed
for patients with diarrhea who have recently or are currently receiving antibiotics (including antimicrobial
prophylaxis) or cancer chemotherapy, those who have been hospitalized in the past 4 to 6 weeks (or are
currently hospitalized), those who reside in a long-term care facility, those with CD4 counts <200 cells/mm?,
those taking acid-suppressive medications, and those with moderate-to-severe community-acquired
diarrhea.?” The most commonly used toxin tests are enzyme immunoassays that suffer from low sensitivity.
PCR assays or glutamate dehydrogenase antigen enzyme immunoassays (which must be combined with a
second confirmatory test) are recommended for testing.?! However, only diarrheal stool samples should be
tested for C. difficile to limit detection of asymptomatic colonization. Regardless of the test used, the
diagnosis of CDI can only be made through careful selection of the correct population to test and a
correlation of clinical and laboratory findings.

Endoscopy generally should be reserved for patients in whom stool culture, microscopy, C. difficile toxin
assay, and blood culture fail to reveal an etiology or in whom treatment for an established diagnosis fails.
Endoscopy with biopsy may be required for diagnosing etiologies other than bacterial enteric infections,
including cryptosporidiosis, microsporidiosis, cytomegalovirus or MAC gastroenteritis, and noninfectious
causes of GI symptoms.

Clinicians should remain alert to the possibility of sexually transmitted disease (STD). Some sexually
transmitted rectal infections (such as proctitis due to lymphogranuloma venereum or Neisseria gonorrhoeae)
can produce symptoms similar to those seen with colitis due to Salmonella, Shigella, and Campylobacter
spp. In patients with symptoms of proctitis or colitis, if stool cultures fail to yield enteric bacterial pathogens,
diagnostic evaluation for STDs with anoscopy, culture, and biopsy should be considered.

Preventing Exposure

Multiple epidemiologic exposures can place patients at risk of enteric illnesses. The most common are
ingestion of contaminated food or water and fecal-oral exposures (detailed prevention recommendations
related to food and water exposures, pet exposures, and travel-related exposures can be found in the
Appendix). Providing advice and education about such exposures is the responsibility of the healthcare
provider. A patient’s clinical condition and CD4 count can help the provider determine what prevention
recommendations are most appropriate. Patients with CD4 counts <200 cells/mm?® or a history of AIDS-
defining illness?? are at the greatest risk of enteric illnesses;> however, excess risk of undetermined
magnitude or duration may persist in those with lesser degrees of immune impairment, including individuals
treated with ART.

Patients should be advised to regularly wash their hands with soap and water or alcohol-based cleansers to
reduce the risk of enteric infection (AIII). With regard to preventing enteric infection, soap and water are
preferred over alcohol-based cleansers, which do not kill C. difficile spores and are only partially active
against norovirus and Cryptosporidium (AIIT). HIV-infected patients should be advised to wash their hands
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after potential contact with human feces, such as through defecation, cleaning feces from infants, or contact
with a person who has diarrhea; after handling pets or other animals; after gardening or other contact with
soil; before preparing food and eating; and before and after sex (AIII). HIV-infected patients should avoid
unprotected sex practices, such as anal sex and oral-anal contact that could result in oral exposure to feces
and, in addition to handwashing, they should be advised to use barriers such as dental dams during sex to
reduce exposures when possible (AILI).

Preventing Disease

Antimicrobial prophylaxis to prevent bacterial enteric illness usually is not recommended, including for
travelers (AIII). Prophylactic antimicrobial treatment can elicit adverse reactions, promote the emergence of
resistant organisms, and increase risk of CDI. In rare cases, however, antimicrobial prophylaxis with
fluoroquinolones or rifaximin can be considered, such as for immunosuppressed travelers, depending on their
level of immunosuppression, the region of travel, and the trip’s duration (CIII). For pregnant women and
patients already taking trimethoprim-sulfamethoxazole (TMP-SMX) (such as for Pneumocystis jirovecii
pneumonia prophylaxis), TMP-SMX may offer limited protection against travelers’ diarrhea as an alternative
to fluoroquinolones or rifaximin (BIII). Risk of toxicity should be considered before prophylaxis with TMP-
SMX is initiated solely because of travel.

Treating Disease
Empiric Therapy

In most situations, treatment of diarrheal disease in HIV-infected patients does not differ significantly from
that in immunocompetent individuals. Decisions on therapy depend on an assessment of diarrhea severity
and hydration status. Patients should be informed of the importance of maintaining hydration and given oral
or intravenous (IV) rehydration if indicated (AIII). Because diarrheal disease can produce temporary
malabsorption or lactose intolerance, consuming a bland diet and avoiding fat, dairy, and complex
carbohydrates also are likely to be useful (BIII). The effectiveness and safety of probiotics or antimotility
agents have not been adequately studied in HIV-infected patients with diarrheal illnesses.?* Antimotility
agents should be avoided if there is concern about inflammatory diarrhea including CDI (BIII).

After obtaining stool samples for diagnostic evaluation, initiation and duration of empiric antimicrobial
therapy depend upon the patient’s CD4 count and clinical appearance. If stool samples are obtained,
antibiotic susceptibility testing should be performed to confirm and inform antibiotic choice. No further
work-up may be necessary and no treatment other than oral rehydration required, for example, in patients
with CD4 counts >500 cells/mm? who have had 1 to 2 days of loose stools without fever or blood. However,
a short course of antibiotics may be indicated in HIV-infected patients with CD4 counts of 200 to 500
cells/mm? who have diarrhea severe enough to compromise quality of life or ability to work. Patients with
advanced HIV disease, that is, CD4 counts <200 cells/mm? or concomitant AIDS-defining illness, with
clinically severe diarrhea (i.e., >6 stools per day or bloody stools and/or accompanied by fever or chills)
should undergo diagnostic evaluation to determine the etiology of the diarrheal illness and receive
antimicrobial treatment. Empiric therapy with ciprofloxacin is reasonable (AILI). IV ceftriaxone or IV
cefotaxime are reasonable alternatives (BIII). Therapy should be adjusted subsequently based on the results
of the diagnostic work-up. Diarrhea that is persistent (i.e., lasting >14 days) in the absence of other clinical
signs of severity, such as bloody stool or dehydration, should be evaluated and directed therapy should be
started once a diagnosis is confirmed.

Diarrhea is one of the most common illnesses affecting international travelers. Antimicrobial resistance among
enteric bacterial pathogens outside the United States is an important public health problem. For example, in
2007, 85% of Campylobacter jejuni isolates in Southeast Asia were reported as fluoroquinolone resistant.>
Clinicians should consider the possibility of a resistant infection when prescribing empiric therapy for HIV-
infected travelers who experience diarrhea while traveling or upon returning to the United States.

Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and Adolescents -3



Pathogen-Specific Therapy

Salmonella spp.

Immunocompetent hosts who are not HIV-infected often do not require treatment for Salmonella
gastroenteritis, as the condition is usually self-limited and treatment may prolong the carrier state. In contrast,
all HIV-infected patients with salmonellosis should be treated (AIII), although no clinical trials have compared
antimicrobial therapy with placebo. Notably, HIV infection increases the risk of Salmonella bacteremia 20- to
100-fold and mortality as much as 7-fold compared with that in patients who are not HIV-infected.'*®

The initial treatment of choice for Salmonella infection is a fluoroquinolone (AIII). Ciprofloxacin is the
preferred agent (AIII).?° Other fluoroquinolones, such as levofloxacin and moxifloxacin, likely would be
effective in treating salmonellosis in HIV-infected patients but they have not been well evaluated in clinical
studies (BIII). Depending on antibiotic susceptibility, alternatives to the fluoroquinolones might include
TMP-SMX or expanded-spectrum cephalosporins such as ceftriaxone or cefotaxime (BIII).

The optimal duration of therapy for HIV-related Sa/monella infection has not been defined. For patients with
CD4 counts >200 cells/mm?® who have mild gastroenteritis without bacteremia, 7 to 14 days of treatment is
reasonable. For the same patients with bacteremia, 14 days is appropriate, provided clearance of bacteremia
is documented. Longer treatment is suggested if bacteremia persists or if the infection is complicated, that is,
if metastatic foci are present (BIII). For patients with advanced HIV disease (CD4 count <200 cells/mm?), 2
to 6 weeks of antibiotics often is recommended (CIII).?” Some patients with Salmonella bacteremia may
remain febrile for 5 to 7 days despite effective therapy.

HIV-infected patients with Salmonella bacteremia, which typically occurs in those with advanced HIV
disease, should be monitored clinically for recurrence after treatment (BIII). Recurrence may present as
bacteremia or as an anatomically localized infection, including intra-abdominal, endothelial, urinary tract,
soft tissue, bone and joint, lung, or meningeal foci. Secondary prophylaxis should be considered for patients
with recurrent Salmonella bacteremia (CIII) and it might also be considered for patients with recurrent
gastroenteritis (with or without bacteremia) and in those with CD4 counts <200 cell/mm?® with severe
diarrhea (CIII). The value of this secondary prophylaxis has not been established and must be weighed
against the risks of long-term antibiotic exposure. Recurrent Salmonella bacteremia constitutes an AIDS-
defining illness®® and suppression of HIV replication with ART is expected to decrease the risk of recurrent
illnesses. In patients whose Salmonella infection is resolved and who have responded to ART with sustained
viral suppression and CD4 counts >200 cells/mm?, secondary prophylaxis for salmonellosis can probably be
stopped (CII).” Clinicians also should be aware that recurrence may represent development of antimicrobial
resistance during therapy.

Shigella spp.

Therapy for Shigella infections is recommended both to shorten the duration of illness and to possibly
prevent spread of the infection to others (AIIN).?® The recommended treatment for shigellosis is with a
fluoroquinolone, preferably ciprofloxacin, for 7 to 10 days (AIII). Depending on antibiotic susceptibilities,
alternative agents might include TMP-SMX (7-10 days) or azithromycin (5 days) (BIII). Azithromycin has
not been evaluated in HIV-infected patients with shigellosis, and the therapy suggested is extrapolated from
limited data in immunocompetent hosts.?’ Recently, Shigella spp. with reduced susceptibility to azithromycin
in HIV-infected MSM have been reported.>*! Treatment for patients with Shigella bacteremia is less well
defined, but extending treatment to at least 14 days is reasonable (BIII). Azithromycin is not recommended
for treatment of Shigella spp. bacteremia (AIII). Chronic suppressive or maintenance therapy is not
recommended for first-time Shigella infections (BIII). Recurrent infections can occur, particularly in
individuals with CD4 counts <200 cells/mm?, in which case extending antimicrobial therapy for up to 6
weeks is reasonable (BIII). As with Salmonella infections, suppression of HIV replication with ART is
expected to decrease the risk of recurrent shigellosis.
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Campylobacter spp.

The optimal treatment of campylobacteriosis in HIV-infected patients is poorly defined. Culture and
susceptibility of Campylobacter isolates is recommended (BIII); in 2011, 24% of Campylobacter isolates in
the United States were fluoroquinolone resistant (http://www.cdc.gov/NARMS). For patients with mild
disease and CD4 counts >200 cells/mm?, some clinicians opt to withhold therapy unless symptoms persist for
more than several days (CIII). For mild-to-moderate campylobacteriosis, initiating therapy with a
fluoroquinolone such as ciprofloxacin for 7 to 10 days (if the organism is sensitive) or azithromycin for 5
days is a reasonable approach (BIII). Azithromycin has not been evaluated in HIV-infected patients with
campylobacteriosis and the therapy suggested is extrapolated from limited data in immunocompetent hosts.
Patients with Campylobacter bacteremia should be treated for at least 14 days using a fluoroquinolone if the
isolate is sensitive (BIII). Azithromycin is not recommended for treatment of Campylobacter bacteremia
(AIID). Adding a second active agent, such as an aminoglycoside, may be prudent in these patients to limit
the emergence of antibiotic resistance (BIII). Antibiotic choice should be guided by antibiotic susceptibility
tests. Chronic suppressive or maintenance therapy is not recommended for first-time Campylobacter
infections in HIV-infected patients (BIII). However, recurrent infections can occur, particularly in patients
with CD4 counts <200 cells/mm?®. In recurrent disease, extending the length of antimicrobial therapy for 2 to
6 weeks is reasonable (BIII). As with Sa/monella infections, suppression of HIV replication with ART is
expected to decrease the risk of recurrent Campylobacter spp. infections.

Clostridium difficile

Treatment of CDI in HIV-infected patients is the same as in patients who are not HIV infected. Guidelines
for the treatment of CDI have been published*-* and can be consulted for further information.

Special Considerations with Regard to Starting ART

ART initiation should follow standard guidelines. The presence of a diarrheal illness is relevant only in terms
of a patient’s ability to ingest and absorb ART. If recurrent enteric infections are documented and/or
Salmonella bacteremia occurs, prompt initiation of ART should be considered regardless of CD4 count; i.e.,
the presence of an enteric infection should not delay ART initiation (BIII).

Monitoring of Response to Therapy and Adverse Events (Including IRIS)

Patients should be monitored closely for response to treatment, defined clinically by improvement in
systemic signs and symptoms, resolution of diarrhea, and sterilization of infected tissues or body fluids such
as blood. A follow-up stool culture to demonstrate clearance of the organism is not required if clinical
symptoms and diarrhea resolve. Follow-up stool culture may be required when public health considerations
and state law dictate the need to ensure microbiologic cure, such as in healthcare or food service workers.

Immune reconstitution inflammatory syndrome has not been described in association with treatment for
bacterial enteric pathogens.

Managing Treatment Failure

Follow-up stool culture should be considered for patients who fail to respond clinically to appropriate
antimicrobial therapy. In patients with persistent or recurrent diarrhea despite therapy, clinicians should
consider other enteric infections in the context of the patient’s immune status and, in all cases, the possibility
of C. difficile or the development of antimicrobial resistance.

Observational studies suggest that plasma drug concentrations (e.g., of ciprofloxacin) in HIV-infected patients
may be decreased as a result of diarrhea or malabsorption.*>*¢ Coadministration of quinolones with
magnesium- or aluminum-containing antacids or with calcium, zinc, or iron should be avoided because these
interfere with drug absorption. Although larger prospective studies are needed to determine the impact of
severe diarrhea on antibiotic absorption, it is prudent to use IV antibiotics in clinically unstable patients (AIII).
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Preventing Recurrence

The pharmacologic approach to recurrent enteric infections is covered in the section on directed therapy for
each bacterial species. As noted above, secondary prophylaxis should be considered for patients with recurrent
Salmonella bacteremia (CIII) and those with recurrent shigellosis (BIII) or campylobacteriosis (BIII).

Special Considerations During Pregnancy

The diagnosis of bacterial enteric infection in pregnant women is the same as in women who are not
pregnant. Bacterial enteric infections in pregnant women should be managed the same as in women who are
not pregnant, with several considerations. Based on the safety profile, expanded-spectrum cephalosporins or
azithromycin should be the first-line therapy for bacterial enteric infections during pregnancy if
antimicrobials are required, depending on the organism and the results of susceptibility testing (BIIT).
Arthropathy has been noted in the offspring of animals treated with quinolones during pregnancy. However,
studies evaluating quinolone use in pregnant women did not find an increased risk of birth defects or
musculoskeletal abnormalities.’”*® Thus, quinolones can be used in pregnancy for bacterial enteric infections
in HIV-infected pregnant women if indicated by susceptibility testing or failure of first-line therapy, as listed
above (BIII). TMP-SMX use in the first trimester should be avoided, if possible, because of an association
with an increased risk of birth defects, specifically neural tube, cardiovascular, and urinary tract defects
(BIIN).**4%# Neonatal care providers should be informed if maternal sulfa therapy was used near delivery
because of the theoretical increased risk to the newborn of hyperbilirubinemia and kernicterus.

Recommendations for Preventing and Treating Bacterial Enteric Infections (page 1 of 3)

Preventing Bacterial Enteric lliness

« Antimicrobial prophylaxis to prevent bacterial enteric illness usually is not recommended, including for travelers (Alll).

* |n rare cases, such as for immunosuppressed travelers, depending on their level of immunosuppression, the region of travel, and
the trip’s duration, antimicrobial prophylaxis with fluoroquinolones or rifaximin can be considered (CIlI).

* For pregnant women and patients already on trimethoprim-sulfamethoxazole (TMP-SMX) for prophylaxis against Pneuomcystis
jirovecii, TMP-SMX may offer limited protection against travelers’ diarrhea as an alternative to fluoroquinolone or rifaximin (BIII).

General Considerations when Managing Patients with Bacterial Enteric Infections

« Qral or IV hydration therapy (if indicated) should be given to patients with diarrhea (Alll).

* Anti-motility agents should be avoided if there is concern about inflammatory diarrhea including Clostridium difficile infection
(BIII).

* Diagnostic fecal specimens should be obtained prior to initiation of empiric antimicrobial therapy.
« |f stool sample is obtained, antibiotic susceptibilities should be performed to confirm and inform antibiotic choice.

* Risk of a bacterial enteric infection increases as CD4 count declines with greatest risk with CD4 count <200 cells/mm?. Risk of
bacteremia also increases with decreasing CD4 count. If no clinical response after 5 to 7 days, consider follow-up stool culture
with antibiotic susceptibility testing and other methods to detect enteric pathogens (e.g., toxin assays, molecular methods),
alternative diagnosis, antibiotic resistance, or drug-drug interactions.

« Effective ART may reduce the frequency, severity, and recurrence of bacterial enteric infections.
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Recommendations for Preventing and Treating Bacterial Enteric Infections (page 2 of 3)

Empiric Treatment of Bacterial Enteric Infections (Pending Diagnostic Studies)

For patients with advanced HIV (CD4 count <200 cells/mm? or concomitant AIDS-defining illnesses) and clinically severe diarrhea
(=6 stools/day or bloody stool and/or accompanied fever or chills).

Preferred Therapy:

* Giprofloxacin 500-750 mg PO (or 400 mg 1V) g12h (Alll)

Alternative Therapy:
« Ceftriaxone IV 1 g q24h (BIII)
« Cefotaxime IV 1g q8h (BIII)

Note: IV antibiotic therapy with hospitalization should be considered in patients with marked nausea, vomiting, diarrhea, electrolyte
abnormalities, acidosis, blood pressure instability, and/or when clinical judgment indicates severity of disease.

For patients with persistent diarrhea (>14 days) in the absence of other severe clinical signs (e.g., dehydration, blood in stool)—can
withhold antibiotic therapy until a diagnosis is confirmed.

Diarrhea is a common illness of international travelers. Antimicrobial resistance among enteric bacterial pathogens outside the
United States is common. Clinicians should consider the possibility of resistant infections when prescribing empiric antibiotic
therapy for HIV-infected travelers while traveling or upon return to the United States.

Treating Salmonellosis

All HIV-infected patients with salmonellosis should receive antibiotic treatment due to the increased risk of bacteremia (by 20-100
fold) and mortality (by as much as 7-fold) compared to HIV-negative individuals (Alll).

Preferred Therapy for Salmonella Gastroenteritis With or Without Bacteremia:

* Ciprofloxacin 500-750 mg PO (or 400 mg 1V) g12h (Alll)

Alternative Therapy:

* Levofloxacin 750 mg (PO or 1V) g24h (BIll), or

* Moxifloxacin 400 mg (PO or 1V) g24h (BIl), or

* Trimethoprim 160 mg/sulfamethoxazole 800 mg (PO or 1V) g12h (BIll), or
* Ceftriaxone IV 1g q24h (BIll), or

* Cefotaxime 1V 1g q8h (BIII)

Duration of Therapy for Gastroenteritis Without Bacteremia
« |[f CD4 count >200 cells/mm3; 7-14 days (BIII)
* |[f CD4 count <200 cells/mm?: 2—-6 weeks (CIII)

Duration of Therapy for Gastroenteritis with Bacteremia

« |[f CD4 count >200 cells/mm?: 14 days; longer duration if bacteremia persists or if the infection is complicated (e.g., metastatic foci
of infection are present) (BIII)

* |[f CD4 count <200 cells/mm?: 2-6 weeks (CIII)

Secondary Prophylaxis

Indications: The role of long-term, secondary prophylaxis for patients with recurrent bacteremia is not well established. Clinicians
must weigh the benefit against the risks of long-term antibiotic exposure (CIlIl). Clinicians should be aware that recurrence may
represent development of antimicrobial resistance during therapy.

Some Experts Recommend Secondary Prophylaxis For:

* Patients with recurrent gastroenteritis +/- bacteremia or those with CD4 count <200 cells/mm? and severe diarrhea (CIII)

When To Stop Secondary Prophylaxis:
« After resolution of Salmonella infection and response to ART with sustained viral suppression and CD4 count >200 cells/mm3 (Cll)
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Recommendations for Preventing and Treating Bacterial Enteric Infections (page 3 of 3)

Treating Shigellosis
Therapy is indicated to shorten the duration of iliness and to possibly prevent spread to others (Alll).

Preferred Therapy:
* Ciprofloxacin 500-750 mg PO (or 400 mg IV) g12h (Alll)

Alternative Therapy (Depending on Susceptibility Results):

« Levofloxacin 750 mg (PO or IV) g24h (BIIl); or

* Moxifloxacin (PO or 1V) 400 mg q24h (BIII)

« Trimethoprim 160 mg/sulfamethoxazole 800 mg PO or IV q12h (BIIl)—if susceptible

« Azithromycin 500 mg PO daily for 5 days (BIll) (Note: azithromycin is not recommended for Shigella bacteremia [Alll])

Duration of Therapy:

* Gastroenteritis: 7-10 days (Alll) (except azithromycin, treat for 5 days)
« Bacteremia: =14 days (BIll)

¢ Recurrent Infections: 2- 6 weeks (BIII)

Chronic Maintenance or Suppressive Therapy:
* Not recommended for first-time Shigella infections (BIII)

Treating Campylobacteriosis

* Optimal treatment is poorly defined.
« There is an increasing rate of fluoroquinolone resistance in the United States (24% resistance in 2011)
» Antimicrobial therapy should be modified based on susceptibility reports.

Mild disease if CD4 count >200 cells/mmé:
 Withhold therapy unless symptoms persist for more than several days (CIIl)

Mild to Moderate Disease:

Preferred Therapy:

* Ciprofloxacin 500-750 mg PO (or 400 mg 1V) q12h (BIIl)—if susceptible, or

« Azithromycin 500 mg PO daily for 5 days (BIIl) (Note: avoid azithromycin with bacteremia, [All])

Alternative Therapy (Depending on Susceptibility Results):
« Levofloxacin 750 mg PO or IV q24h (BIll); or
* Moxifloxacin 400 mg PO or IV g24h (BIII)

Bacteremia:

« Giprofloxacin 500-750 mg PO (or 400 mg 1V) g12h (BIlI) + an aminoglycoside (BIll) in bacteremic patients to limit the emergence
of antibiotic resistance

Duration of Therapy:

* Gastroenteritis: 7-10 days (BIll) (5 days if azithromycin is used)

* Bacteremia: >14 days (BIIl)

* Recurrent bacteremic disease: 2—6 weeks (BIlI)

Chronic Maintenance or Suppressive Therapy:
* Not recommended for first-time Campylobacter infections (BIII)

[1el]

Key to Acronyms: CD4 = CD4 T lymphocyte cell; IV = intravenously; PO = orally; q(n)h = every “n” hours.
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Bartonellosis (Last updated May 7, 2013; last reviewed May 7, 2013)

Epidemiology

Bartonella species cause infections that include cat scratch disease, retinitis, trench fever, relapsing
bacteremia, endocarditis, bacillary angiomatosis (BA), and bacillary peliosis hepatis.! The latter two
manifestations occur only in individuals who are immunocompromised. BA is caused by either Bartonella
quintana or Bartonella henselae.* Twenty-four species and three subspecies of Bartonella have been
isolated and are officially recognized (http://www.bacterio.cict.fr/b/bartonella.html), and eight have been
isolated from humans. However, only B. henselae and B. quintana infections have been identified in HIV-
infected patients.? BA most often occurs late in HIV infection, in patients with median CD4 T lymphocyte
(CD4 cell) counts <50 cells/mm?.? In HIV-infected patients, bartonellosis is often a chronic illness, lasting for
months to years, with BA lesions and intermittent bacteremia.

Development of BA lesions caused by B. henselae is statistically linked to cat exposure in patients with HIV
infection.? In contrast, BA caused by B. quintana is associated with body louse infestation and
homelessness.? The body louse serves as the vector of B. quintana in humans. To avoid exposure to B.
quintana, HIV-infected patients should avoid body lice and, if infected, treat the infestation. The cat flea is
the vector of B. henselae in cats. Cats are the most common vector (via a scratch) responsible for
transmitting B. henselae to humans, most likely when their claws become contaminated with feces from B.
henselae-infected fleas. In some areas of the United States, the prevalence of B. henselae bacteremia in pet
cats approaches 50%.* Control of cat flea infestation and avoidance of cat scratches are therefore critical
strategies for preventing B. henselae infections in patients who are HIV infected.

Clinical Manifestations

BA lesions have been associated with nearly every organ system, but cutaneous lesions are the most readily
identified. These lesions can be clinically indistinguishable from Kaposi sarcoma, pyogenic granuloma, and
other skin conditions. BA also can cause subcutaneous nodules. Osteomyelitis is usually caused by B.
quintana, and only B. henselae can cause bacillary peliosis hepatis. Although isolated organs can appear to
be the principal focus of disease, BA represents a hematogenously disseminated infection, and systemic
symptoms of fever, night sweats, and weight loss often accompany BA. Bartonella infection is a major cause
of unexplained fever in patients with late-stage AIDS and should be considered in the differential diagnosis
of patients with fever and CD4 counts <100 cells/mm?.* Bartonella is a relatively common cause of culture-
negative endocarditis in immunocompetent and immunocompromised humans and is most commonly caused
by B. quintana and, less frequently, B. henselae.’

Diagnosis

Diagnosis can be confirmed by histopathologic examination of biopsied tissue.® BA lesions are characterized
by vascular proliferation, and a modified silver stain (such as Warthin-Starry stain) usually demonstrates
numerous bacilli. Tissue Gram staining and acid-fast staining are negative.

A well-characterized serologic test was developed at Centers for Disease Control and Prevention” and is also
available at some state health labs. In addition, several private laboratories offer serological testing, but none
of these private laboratory tests has been evaluated for sensitivity or specificity with sera from HIV-infected
patients with culture-documented Bartonella infection. In immunocompetent patients, anti-Bartonella
antibodies might not be detectable for 6 weeks after acute infection; in contrast, by the time Bartonella
infection is suspected in patients with late-stage HIV infection, they usually have been infected for months or
even >1 year. Note that as many as 25% of Bartonella culture-positive patients never develop antibodies in
the setting of advanced HIV infection.* In those patients who do develop anti-Bartonella antibodies,
monitoring of antibody levels can correlate with resolution and recrudescence of Bartonella infection.
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Bartonella species can be isolated (with difficulty) from blood, using ethylenediaminetetraacetic acid
(EDTA) tubes. The organisms have been isolated from tissue in only a few laboratories because of the
fastidious nature of Bartonella.? Polymerase chain reaction methods have been developed for identification
and speciation of Bartonella but are not widely available.

Preventing Exposure

HIV-infected patients, specifically those who are severely immunocompromised (CD4 counts <100
cells/mm?), are at high risk of severe disease when infected by B. quintana and B. henselae. The major risk
factors for acquisition of B. henselae are contact with cats infested with fleas and receiving cat scratches.
Immunocompromised individuals should consider the potential risks of cat ownership (AIII). Patients who
want cats should acquire animals that are older than age 1 year and in good health (BII). Cats should be
acquired from a known environment, have a documented health history, and be free of fleas. Stray cats and
cats with flea infestation should be avoided. Declawing is not advised, but HIV-infected individuals should
avoid rough play with cats and situations in which scratches are likely (AII). Patients should avoid contact
with flea feces (i.e., flea dirt), and any cat-associated wound should be washed promptly with soap and water
(BIII). Care of cats should include a comprehensive, ongoing flea-control program under the supervision of
a veterinarian (BIII). No evidence indicates any benefits to cats or their owners from routine culture or
serologic testing of the pet for Bartonella infection or from antibiotic treatment of healthy, serologically
positive cats (BII). The major risk factor for B. quintana infection is body lice infestation. Patients who are
homeless or in marginal housing should be informed that body louse infestation can be associated with
serious illness and provided with appropriate measures to eradicate body lice, if present (AII).

Preventing Disease

Primary chemoprophylaxis for Bartonella-associated disease is not recommended (BIIT). However, note that
in a retrospective case-control study, Mycobacterium avium complex prophylaxis using a macrolide or
rifamycin was protective against developing Bartonella infection.?

Treating Disease

All HIV-infected patients with Bartonella infection should receive antibiotic treatment (AII). Guidelines for
treatment of Bartonella infections have been published.® No randomized, controlled clinical trials have
evaluated antimicrobial treatment of bartonellosis in HIV-infected patients. Erythromycin and doxycycline
have been used successfully to treat BA, peliosis hepatis, bacteremia, and osteomyelitis and are considered
first-line treatment for bartonellosis on the basis of reported experience in case series (AII).!? Therapy
should be administered for >3 months (AII). Doxycycline, with or without a rifamycin, is the treatment of
choice for bartonellosis infection involving the central nervous system (CNS) (AIII). For severe Bartonella
infections, combination therapy using erythromycin or doxycycline with a rifamycin is recommended (BIII);
intravenous therapy may be needed initially (AILI). Treatment of confirmed Bartonella endocarditis should
include doxycycline with the addition of gentamicin for 2 weeks (if tolerated); a rifamycin can be substituted
for gentamicin in the setting of renal insufficiency (BII).?

Clarithromycin or azithromycin treatment has been associated with clinical response and either of these can
be an alternative therapy Bartonella infections (except for endocarditis or CNS infections) (BIII).
Azithromycin is recommended for patients who are less likely to comply with the more frequent dosing
schedule for doxycycline or erythromycin. A third-generation cephalosporin, ceftizoxime,” was used
successfully to treat Bartonella in a pregnant HIV-infected woman, but because there are no other data, a
macrolide is the drug of first choice. Penicillins and first-generation cephalosporins have no in vivo activity
and should not be used for treatment of bartonellosis (BII). Quinolones and trimethoprim-sulfamethoxazole
(TMP-SMX) have variable in vitro activity and an inconsistent clinical response in case reports and are not
recommended (BIII).
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Special Consideration with Regard to Starting ART

Antiretroviral-naive patients with Bartonella CNS or ophthalmic lesions should probably be treated with
doxycycline and a rifamycin for 2 to 4 weeks before instituting antiretroviral therapy (CIII).

Monitoring of Response to Therapy and Adverse Effects (Including IRIS)

Patients should have anti-Bartonella 1gG antibody titers checked at the time of diagnosis and, if positive,
should be followed with sequential titers every 6 to 8 weeks until a four-fold decrease is documented. This
test is available at the Centers for Disease Control and Prevention and several large commercial labs. Patients
treated with oral doxycycline should be cautioned about pill-associated ulcerative esophagitis that occurs
most often when a dose is taken with only a small amount of liquid or at night just before retiring.'”
Photosensitivity also can occur during doxycycline treatment. Adverse effects associated with macrolides
include nausea, vomiting, abdominal pain, and elevations of liver transaminase levels. Serious side effects
can occur during treatment with rifamycins, including hypersensitivity reactions (including
thrombocytopenia, interstitial nephritis, and hemolytic anemia), and hepatitis. Administration of rifamycins
strongly induces the cytochrome P450 enzyme system, which is an important consideration when other
medications, including many ARV drugs, are taken simultaneously.

Immune reconstitution inflammatory syndrome (IRIS) has not been described in association with
Bartonellosis and treatment with ART in HIV-infected persons.

Managing Treatment Failure

Among patients who fail to respond to initial treatment, 1 or more of the second-line alternative regimens
should be considered (AIII), again with treatment duration of >3 months. For patients with positive or
increasing antibody titers, treatment should continue until a fourfold decrease is documented.

Preventing Recurrence

If a relapse occurs after a minimum 3-month course of primary treatment, long-term suppression of infection
with doxycycline or a macrolide is recommended, as long as the CD4 count remains <200 cells/mm?* (AIII).

Long-term suppression can be discontinued after the patient has received at least 3 to 4 months of therapy
and when the CD4 count remains >200 cells/mm? for >6 months (CIII). Some specialists would discontinue
therapy only if the Bartonella titers have also decreased by four-fold (CIII).

Special Considerations During Pregnancy

Infection with Bartonella bacilliformis in immunocompetent patients during pregnancy has been associated
with increased complications and risk of death.!! No data are available on the effect of B. henselae or B.
quintana infections in pregnant women with concomitant HIV infection.

The approach to diagnosis of Bartonella infections in pregnant women is the same as in non-pregnant
women. Erythromycin treatment should be used (AIII) rather than tetracyclines during pregnancy because of
the increased risk of hepatotoxicity and the accumulation of tetracycline in fetal teeth and bones, resulting in
dark, permanent staining of fetal teeth. Third-generation cephalosporins such as ceftizoxime® or ceftriaxone
may have efficacy against Bartonella in pregnant women who are HIV infected, but it should be considered
second-line therapy after a macrolide. First- and second-generation cephalosporins are not recommended
because of their lack of efficacy against Bartonella (AIl).
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Recommendations for Treating Bartonella Infections

Preferred Therapy
For Bacillary Angiomatosis, Peliosis Hepatis, Bacteremia, and Osteomyelitis:

* Doxycycline 100 mg PO or IV gq12h (All), or
e Erythromycin 500 mg PO or IV q6h (All)

For Infections Involving the CNS:
* Doxycycline 100 mg PO or IV q12h +/- rifampin 300 mg PO or IV g12h (Alll)

For Confirmed Bartonella Endocarditis:

* (Doxycycling 100 mg IV q12h + gentamicin 1 mg/kg IV q8h) x 2 weeks, then continue with doxycycline 100 mg IV or PO q12h
(BIN), or

* For patients with renal insufficiency: (doxycycline 100 mg IV q12h + rifampin 300 mg IV or PO q12h) x 2 weeks, then continue
with doxycycline 100 mg IV or PO q12h (BII)

For Other Severe Infections
* Doxycycline 100 mg PO or IV gq12h + rifampin 300 mg PO or IV gq12h (BIll), or
* Erythromycin 500 mg PO or IV g6h + rifampin 300 mg PO or IV q12h (BIII)

Alternative Therapy for Bartonella Infections (Not for Endocarditis or CNS Infections):
* Azithromycin 500 mg PO daily (BIII), or
* Clarithromycin 500 mg PO BID (BIII)

Duration of Therapy:
¢ At least 3 months

Indication for Long-Term Suppressive Therapy
If a relapse occurs after a >3 month course of primary treatment:
« A macrolide or doxycycline as long as the CD4 count remains <200 cells/mm? (Alll)

Indications for Discontinuing Long-Term Suppressive Therapy (CH):

* Received at least 3 to 4 months of treatment; and

* CD4 count >200 cells/mm? for at least 6 months

» Some specialists would only discontinue therapy if Bartonella titers have also decreased by four-fold

Other Considerations

* Rifampin is a potent hepatic enzyme inducer and may lead to significant interaction with many drugs; including ARV agents (see
Table 5 for dosing recommendations)

Key to Abbreviations: ARV = antiretroviral; BID = twice daily; CD4 = CD4 T lymphocyte cell; CNS = central nervous system, IV =
intravenously, PO = orally; g(n)h = every “n” hours
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Syphilis (Last updated May 7, 2013; last reviewed May 7, 2013)

Epidemiology

Syphilis is associated with increased risk of sexual acquisition and transmission of HIV.! In recent years,
there has been a resurgence of the disease in men in several U.S. cities and in Western Europe
(http://www.cdc.gov/std/stats).>* Although coexistent HIV infection, particularly in the advanced stages, may
modify the diagnosis, natural history, or management of Treponema pallidum infection, the principles of
syphilis management are the same for persons with and without coexistent HIV infection.*!?

Clinical Manifestations

The effect of coexistent HIV on the protean manifestations of syphilis have been documented in multiple
case reports and small case series, but in only a limited number of large studies. Some studies suggest that
HIV infection may shift the clinical manifestations of syphilis, making clinical lesions more apparent, and
may accelerate progression of syphilitic disease.!®!!*15 Early syphilis in HIV-infected patients also may
cause a transient decrease in CD4 T-lymphocyte (CD4) count and increase in HIV viral load that improves
with recommended syphilis treatment regimens.!6-2

Primary syphilis commonly manifests as a single painless nodule at the site of contact that rapidly ulcerates
to form a classic chancre; in HIV-infected patients, however, multiple or atypical chancres occur and primary
lesions may be absent or missed.!%?!

Progression to secondary syphilis typically follows 2 to 8 weeks after primary inoculation. Although more rapid
progression or severe disease can occur in HIV-infected patients with advanced immunosuppression, the clinical
manifestations are similar to those in HIV-uninfected individuals. The manifestations of secondary syphilis
involve virtually all organ systems. The most common manifestations—macular, maculopapular,
papulosquamous, or pustular skin lesions—can involve the palms and soles and be accompanied by generalized
lymphadenopathy, fever, malaise, anorexia, arthralgias, and headache.!'>!” Condyloma lata (moist, flat, papular
lesions in warm intertrigenous regions) can occur and may resemble human papillomavirus infection. Lues
maligna is a rare manifestation of secondary syphilis, characterized by papulopustular skin lesions that evolve
into ulcerative lesions with sharp borders and a dark central crust.??> Secondary syphilis, especially when
associated with symptomatic early neurosyphilis, can resemble acute primary HIV infection. Constitutional
symptoms, along with nonfocal central nervous system (CNS) symptoms and cerebrospinal fluid (CSF)
abnormalities such as lymphocytic pleocytosis with a mildly elevated CSF protein, are common to both
secondary syphilis and acute primary HIV infection.!#!>21:23-26 Sjons and symptoms of secondary syphilis can
persist from a few days to several weeks before resolving and evolving to latent or later stages.

Latent syphilis lacks overt clinical signs and symptoms, but relapse of manifestations of secondary syphilis can
occur, most commonly during the first year after infection. Manifestations of tertiary syphilis generally include
cardiovascular syphilis and gummatous syphilis or a slowly progressive disease that can affect any organ
system. Neurosyphilis can occur at any stage of syphilis and manifest in varied clinical presentations, such as
cranial nerve dysfunction, stroke, meningitis, acute or chronic change in mental status, loss of vibration sense,
and auditory or ophthalmic abnormalities. Manifestations of symptomatic neurosyphilis in HIV-infected patients
are similar to those in individuals who are not HIV infected. However, clinical manifestations of neurosyphilis,
such as concomitant uveitis and meningitis, may be more common in HIV-infected persons.!#!5-26-28

Diagnosis

Darkfield microscopy and tests to detect 7. pallidum in lesion exudates or tissue (biopsy with silver stain) are
definitive for diagnosing early syphilis, although no 7. pallidum direct detection tests are commercially
available. A presumptive serologic diagnosis of syphilis is possible based upon non-treponemal tests (i.e.,
Venereal Disease Research Laboratory [VDRL] and rapid plasma reagin [RPR]) and treponemal tests (i.e.,
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fluorescent treponemal antibody absorbed [FTA-ABS], T. pallidum particle agglutination [TP-PA], enzyme
immunoassays [EIAs], and chemiluminescence immunoassays [CIA]).

Serologic diagnosis of syphilis traditionally has involved screening for non-treponemal antibodies with
confirmation of reactive tests by treponemal-based assays.!*2° Recently, some laboratories have initiated a
testing algorithm using EIA or CIA as a screening test, followed by a reflex-quantitative, non-treponemal test
if the EIA or CIA is positive. This latter strategy may identify those with previously treated syphilis infection
more often than those with untreated infection.*

In persons with a positive treponemal screening test and a negative reflex-quantitative, non-treponemal test,
the laboratory should perform a second treponemal test (based on different antigens from the initial test) to
confirm the results of the positive initial treponemal test. If a second treponemal test is positive, an
assessment is needed of current sexual risk factors and prior syphilis treatment. Physical examination should
be performed to assess for evidence of syphilis, especially primary disease. Patients with suspected primary
syphilis should be empirically treated and retested with a non-treponemal test in several weeks (if initial non-
treponemal test was non-reactive) to confirm the diagnosis. Persons with discordant sera (reactive EIA/CIA
and non-reactive, non-treponemal test) and a reactive TP-PA assay should be treated for late-latent syphilis if
past treatment cannot be confirmed. If the second treponemal test is negative, no treatment is indicated.'*3! In
the absence of neurologic signs or symptoms, risk of neurosyphilis is low in patients with a reactive
treponemal test and a non-reactive, non-treponemal test;*? examination of CSF is not recommended.

Early-stage disease (i.e., primary, secondary, and early-latent syphilis) in HIV-infected patients is confirmed
with the same diagnostic tests used in those who are not infected with HIV: darkfield microscopy of a
mucocutaneous lesion and standard serologic tests. Results with VDRL and RPR may be higher, lower, or
delayed in HIV-infected versus HIV-uninfected patients with early-stage syphilis.**-*” No data indicate that
treponemal tests perform differently among HIV-infected patients compared with HIV-uninfected patients,®
although uncommon, false-negative serologic tests for syphilis can occur in both HIV-uninfected and HIV-
infected patients with documented 7. pallidum infection.3¢3” Therefore, if serologic tests do not confirm the
diagnosis of suspected syphilis, other diagnostic procedures, such as repeat serology in 2 to 4 weeks,
exclusion of prozone phenomenon, biopsy, or darkfield examination, should be pursued. By definition,
persons with latent syphilis have serological evidence of syphilis in the absence of clinical manifestations.
Early-latent syphilis is defined as evidence of infection <1 year; late-latent syphilis is evidence of infection
for >1 year after acquisition of syphilis or latent infection of unknown duration. Diagnostic testing
recommended for detection of late-stage syphilis (i.e., cardiovascular and gummatous syphilis) in HIV-
infected patients is the same as in patients who are not infected with HIV."

All persons with syphilis and signs or symptoms suggesting neurologic disease (e.g., cranial nerve
dysfunction, meningitis, stroke, alteration in mental status, auditory or ophthalmic abnormalities) warrant
evaluation for neurosyphilis and for ocular or otic syphilis if ophthalmic or auditory symptoms are present.
CSF abnormalities (i.e., elevated protein and mononuclear pleocytosis) are common in early syphilis and in
patients with HIV infection, even those with no neurologic symptoms. There is no evidence that the clinical
and prognostic significance of such CSF abnormalities differs between HIV-infected and -uninfected patients
with primary, secondary, or early-latent syphilis.

CSF examination should be performed in patients who have neurologic, auditory, or ophthalmic signs (e.g.,
iritis, uveitis) or symptoms, active tertiary syphilis, or serologic treatment failure. Several studies have
demonstrated that in HIV-infected patients with syphilis, clinical and CSF abnormalities consistent with
neurosyphilis are associated with CD4 counts <350 cells/mm? alone or in combination with RPR titers
>1:32.25263940 Unless neurologic symptoms are present, however, CSF examination in this setting has not
been associated with improved clinical outcomes. The risk of later developing clinical neurosyphilis and the
benefits of a CSF examination in this circumstance are unknown.

Laboratory testing is useful in supporting the diagnosis of neurosyphilis, but no single test can be used to
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diagnose it. In patients who are not HIV infected, CSF examination supports diagnosis of neurosyphilis,
which may indicate mild mononuclear pleocytosis (6-200 cells/mm?), normal or mildly elevated protein
concentration, or a reactive (CSF-VDRL).!?2%2¢ CSF-VDRL is specific but not sensitive, and a reactive test
establishes the diagnosis of neurosyphilis, but a non-reactive test does not exclude it. In comparison, CSF
FTA-ABS is less specific than CSF-VDRL but highly sensitive. Calculated indices (7. pallidum
hemaglutination assay index) are of limited value in establishing the diagnosis of neurosyphilis. Polymerase-
chain-reaction-based diagnostic methods are not currently recommended as diagnostic tests for
neurosyphilis. A reactive CSF-VDRL and a CSF white blood cell (WBC) count >10 cells/mm?® support the
diagnosis of neurosyphilis; in the absence of other abnormalities, elevation in CSF protein concentrations
should not be used as the sole diagnostic criterion. Therefore, the laboratory tests used to support the
diagnosis of neurosyphilis depend on various combinations of reactive serologic tests, CSF cell count and
protein, and a reactive CSF-VDRL with or without clinical manifestations.

Establishing the diagnosis of neurosyphilis can be more difficult in patients with HIV infection because HIV
infection itself may be associated with mild mononuclear CSF pleocytosis (6—15 cells/mm?). Using a higher
CSF WBC cutoff of >20 WBC/mm?® may improve the specificity of neurosyphilis diagnosis in HIV-infected
patients.*! CSF FTA-ABS testing in HIV-uninfected persons suggests that the CSF FTA-ABS test is less
specific for neurosyphilis than the CSF-VDRL but is highly sensitive.!”*? Thus, the use of this test may be
considered in HIV-infected patients.

Preventing Exposure

The resurgence of syphilis in patients with HIV infection in the United States underscores the importance of
primary prevention of syphilis in this population, which should begin with routine discussion of sexual
behaviors. Health care providers should discuss client-centered risk reduction messages and provide specific
actions that can reduce the risk of acquiring sexually transmitted diseases and of transmitting HIV
infection.!*#47 Routine serologic screening for syphilis is recommended at least annually for all HIV-
infected patients who are sexually active, with more frequent screening (every 3—6 months) for those who
have multiple partners, unprotected intercourse, sex in conjunction with illicit drug use, or use
methamphetamines (or whose partners participate in such activities).!***3° The occurrence of syphilis in an
HIV-infected individual is an indication of high-risk behavior and should prompt intensified counseling
messages and strong consideration of referral for behavioral intervention. Patients undergoing screening or
treatment for syphilis also should be evaluated for all common sexually transmitted diseases such as
chlamydia and gonorrhea at anatomic sites of exposure.!%3!

Preventing Disease

The same measures that apply to preventing exposure apply to preventing disease. Studies in the pre-HIV era
demonstrated that approximately one-third of the sex partners of patients who have infectious syphilis will
develop syphilis within 30 days of exposure, and empiric treatment of incubating syphilis will prevent the
development of disease in those who are exposed.’*° Those exposed sexually to a patient with syphilis in
any stage should be evaluated clinically and serologically and treated presumptively with regimens outlined
in current recommendations.'” Specifically, individuals who were exposed within the 90 days preceding
diagnosis of primary, secondary, or early-latent syphilis in a sex partner may be infected even if they are
seronegative. Therefore, they should be treated presumptively (AII). Individuals exposed >90 days before
diagnosis of primary, secondary, or early-latent syphilis in a sex partner should be treated presumptively if
serologic test results are not available immediately and the opportunity for follow-up is uncertain (AILI).

Treating Disease

Management of syphilis in HIV-infected patients is similar to that in individuals who are HI'V-
uninfected.!>!*3* Most HIV-infected patients respond appropriately to standard treatment. Closer follow-up is

Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and Adolescents  K-3



recommended, however, because rates of serologic treatment failure may be higher in those who are HIV
infected and they may be at increased risk of neurologic complications.!>367

Penicillin remains the treatment of choice for syphilis regardless of a patient’s HIV status. HIV-infected
patients with early-stage (primary, secondary, or early-latent) syphilis should receive a single intramuscular
(IM) injection of 2.4 million units of benzathine penicillin G (AII).!° The available data demonstrate that
high-dose amoxicillin given with probenecid in addition to benzathine penicillin G in early syphilis is not
associated with improved clinical outcomes.** Patients with a penicillin allergy whose compliance or follow-
up cannot be ensured should be desensitized and treated with benzathine penicillin (AIII). The efficacy of
alternative non-penicillin regimens in HIV-infected patients with early syphilis has not been evaluated
sufficiently to warrant their use as first-line treatment.

Regardless of HIV infection status, use of any alternative penicillin treatment regimen should be undertaken
only with close clinical and serologic monitoring. Several retrospective studies support use of doxycycline,
100 mg twice daily, to treat early syphilis (BII); however, the majority of the patients were HIV
uninfected.’®* Limited clinical studies suggest that ceftriaxone, 1 g daily either IM or intravenously (IV) for
10 to 14 days, is effective for treating early syphilis (BII), but the optimal dose and duration of therapy have
not been defined.®® A single 2-g oral dose of azithromycin is effective for treating early syphilis;®!-%* however
T’ pallidum chromosomal mutations associated with azithromycin resistance and treatment failures have been
reported and are more common in men who have sex with men (MSM).%+% Azithromycin treatment has not
been well studied in HIV-infected patients with early syphilis and it should be used with caution in instances
when treatment with penicillin or doxycycline is not feasible (BII). Azithromycin should not be used in
MSM or in pregnant women (AII).

In HIV-infected patients with late-latent syphilis and no signs or symptoms of neurosyphilis, treatment with 3
weekly IM injections of 2.4 million units benzathine penicillin G is recommended (AII). Alternative therapy
with doxycycline, 100 mg by mouth twice a day for 28 days, has not been sufficiently evaluated in HI'V-
infected patients to warrant use as first-line treatment (BIII). Limited clinical studies and biologic and
pharmacologic evidence suggest that ceftriaxone may be effective; however, the optimal dose and duration of
therapy have not been determined.”®’! If the clinical situation requires use of an alternative to penicillin,
treatment should be undertaken with close clinical and serologic monitoring.

HIV-infected patients with clinical evidence of late-stage (tertiary) syphilis (cardiovascular or gummatous
disease) should have CSF examination to rule out neurosyphilis before therapy is initiated. Recommended
treatment of late-stage syphilis is 3 weekly IM injections of 2.4 million units benzathine penicillin G (AII)."
However, the complexity of tertiary syphilis management is beyond the scope of these guidelines and health
care providers are advised to consult an infectious disease specialist.

HIV-infected patients diagnosed with neurosyphilis or ocular or otic syphilis should receive IV aqueous
crystalline penicillin G, 18 to 24 million units daily, administered 3 to 4 million units IV every 4 hours or by
continuous infusion for 10 to 14 days (AII) or procaine penicillin, 2.4 million units IM once daily plus
probenecid 500 mg orally 4 times a day for 10 to 14 days (BII).!?>2° HIV-infected patients who are allergic
to sulfa-containing medications should not be given probenecid because of potential allergic reaction (AIII).

Because neurosyphilis treatment regimens are of shorter duration than those used in late-latent syphilis, 2.4
million units benzathine penicillin IM once per week for up to 3 weeks after completion of neurosyphilis
treatment can be considered to provide a comparable duration of therapy (CIII).!” Desensitization to
penicillin is the preferred approach to treating neurosyphilis in patients who are allergic to penicillin.
However, limited data indicate that ceftriaxone (2 g daily IV for 10-14 days) may be an acceptable
alternative regimen (BII).”! Other alternative regimens for neurosyphilis have not been evaluated adequately.
Syphilis treatment recommendations are also available in the 2010 Centers for Disease Control and
Prevention STD Treatment Guidelines."
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Special Considerations with Regard to Starting ART

There are no special considerations regarding the initiation of antiretroviral therapy (ART) in patients with
syphilis. Specifically, there is currently no evidence that treatment with ART needs to be delayed until
treatment for syphilis has been completed. Immune reconstitution inflammatory syndrome (IRIS) in
association with syphilis and treatment with ART in HIV-infected persons is uncommon.”

Monitoring and Adverse Events (Including IRIS)

Clinical and serologic responses (four-fold decrease from the titer at the time of treatment) to treatment of
early-stage (primary, secondary, and early-latent) disease should be monitored at 3, 6, 9, 12, and 24 months
after therapy. Serologic responses to treatment are similar in patients who are HIV infected and HIV
uninfected; subtle variations can occur, however, including the temporal pattern of response.'>!%347 If
clinical signs and symptoms persist or recur or there is a sustained four-fold increase in non-treponemal
titers, treatment failure should be considered and managed per recommendations below.

After successful treatment for early syphilis (HIV-infected and -uninfected persons), 15% to 20% of patients
may remain “serofast,” meaning that serum non-treponemal test titers remain reactive at a stable level,
usually <1:8, for prolonged periods.!*** This serofast state probably does not represent treatment failure.
Serologic detection of potential re-infection should be based on at least a sustained four-fold increase in titer
above the established serofast baseline and syphilis risk assessment.

Response to therapy for late-latent syphilis should be monitored using non-treponemal serologic tests at 6,
12, 18, and 24 months to ensure at least a four-fold decline in titer, if initially high (>1:32), within 12 to 24
months of therapy. If clinical symptoms develop or a four-fold increase in non-treponemal titers is sustained,
then treatment failure should be considered and managed per recommendations.'” The earliest CSF indicator
of response to neurosyphilis treatment is a decline in CSF lymphocytosis. The CSF-VDRL may respond
more slowly. If CSF pleocytosis was present initially, a CSF examination should be repeated at 6 months.
Limited data suggest that changes in CSF parameters may occur more slowly in HIV-infected patients,
especially those with advanced immunosuppression.'*? If the cell count has not decreased after 6 months or
if the CSF WBC is not normal after 2 years, re-treatment should be considered.

Use of ART in HIV-infected patients with syphilis has been associated with a reduced risk of serologic
failure of syphilis treatment,'* a lower risk of developing neurosyphilis,'* and normalization of CSF
parameters associated with decline in serum RPR titers after treatment.”

The Jarisch-Herxheimer reaction is an acute febrile reaction frequently accompanied by headache and
myalgia that can occur within the first 24 hours after initiation of treatment for syphilis. Antipyretics can be
used to manage symptoms but have not been proven to prevent this reaction. The Jarisch-Herxheimer
reaction occurs most frequently in patients with early syphilis, high non-treponemal antibody titers, and prior
penicillin treatment.”

Managing Treatment Failure

Re-treatment should be considered for patients with early-stage syphilis who

1) Do not have at least a four-fold decrease in serum non-treponemal titers 6 to 12 months after treatment

2) Have a sustained four-fold increase in serum non-treponemal titers after an initial four-fold decrease
following treatment, or

3) Have persistent or recurring clinical signs or symptoms of disease, whether as a result of treatment
failure or of re-infection.

HIV-infected persons in whom treatment fails should be managed in the same manner as those who are HIV
negative. Because re-infection is difficult to document and treatment failure is difficult to rule out, CSF
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examination and re-treatment should be considered in those who meet the previously described criteria. If
CSF examination does not confirm the diagnosis of neurosyphilis, benzathine penicillin G, 2.4 million units
at 1-week intervals for 3 weeks, should be administered (BIII). Failure of non-treponemal tests to decline
four-fold within 6 to 12 months after therapy for early syphilis may be indicative of treatment failure, but
clinical trial data have demonstrated that regardless of HIV infection, >15% of persons with early syphilis
treated with recommended therapy will not achieve the four-fold decline in non-treponemal titer used to
define treatment response at 1 year.** If titers do not respond appropriately after CSF examination and re-
treatment, the value of repeated CSF examination or additional therapy is unclear, but it is generally not
recommended. Person with HIV infection may be at increased risk of treatment failure, but the magnitude of
these risks is not precisely defined and is likely low.!%*%7 Treatment with benzathine penicillin, 2.4 million
units IM, and close clinical follow-up can be considered in patients with a four-fold increase in non-
treponemal titers within the past year who are at high risk of syphilis re-infection (CIII).

Patients treated for late-latent syphilis should have a CSF examination and be retreated if they develop
clinical signs or symptoms of syphilis, have a sustained four-fold increase in serum non-treponemal test titer,
or experience an inadequate serologic response (less than four-fold decline in an initially high [>1:32] non-
treponemal test titer) within 12 to 24 months of therapy. If CSF examination is consistent with CNS
involvement, re-treatment should follow the neurosyphilis recommendations. Patients with late-latent
syphilis and a normal CSF examination should be treated with benzathine penicillin 2.4 million units IM
weekly for 3 doses (BIII). As with early-stage syphilis, treatment with benzathine penicillin, 2.4 million
units IM, and close clinical follow-up can be considered in patients with a four-fold increase in non-
treponemal titers within the past year who are at high risk of re-infection (CIII). Re-treatment for
neurosyphilis should be considered if the CSF WBC count has not decreased 6 months after completion of
treatment. Limited data suggest that changes in CSF parameters may occur more slowly in HIV-infected
patients, especially those with advanced immunosuppression.? If the cell count has not decreased after 6
months or if the CSF WBC count is not normal after 2 years, re-treatment should be considered."

Preventing Recurrence

No recommendations indicate the need for secondary prophylaxis or prolonged chronic maintenance
antimicrobial therapy for syphilis in HIV-infected patients. Targeted mass treatment of high-risk populations
has not been demonstrated to be effective and is not recommended.”® Azithromycin is not recommended as
secondary prevention because of azithromycin treatment failures reported in HIV-infected patients and
reports of chromosomal mutations associated with macrolide-resistant 7. pallidum 6689

Special Considerations During Pregnancy

Pregnant women should be screened for syphilis at the first prenatal visit. Syphilis screening should be
performed again early in the third trimester and at delivery in areas where syphilis prevalence is high and in
women at high risk of infection and those who were previously untested.!” Syphilis screening also should be
offered at sites providing episodic care to pregnant women at high risk, including emergency departments, jails,
and prisons. Antepartum screening with non-treponemal testing is typical but treponemal screening is being used
in some settings. Pregnant women with reactive treponemal screening tests should have reflex confirmatory
testing with non-treponemal tests (see Diagnosis section above). No infant should leave the hospital without
documentation of maternal syphilis-serology status determined at least once during pregnancy.”’ All women who
deliver stillborn infants after 20 weeks of gestation also should be tested for syphilis.

Rates of transmission to the fetus and adverse pregnancy outcomes for untreated syphilis are highest with
primary, secondary, and early-latent syphilis and decrease with increasing duration of infection. Pregnancy
does not appear to alter the clinical course, manifestations, or diagnostic test results for syphilis infection in
adults. Concurrent syphilis infection has been associated with increased risk of perinatal transmission of HIV
to the infant.”s33
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Treatment of syphilis during pregnancy should consist of the same regimen recommended for HIV-infected
adults who are not pregnant. Penicillin is effective for preventing maternal transmission to the fetus and for
treatment of fetal infection, but current evidence is insufficient to determine the optimal penicillin regimen.®*
There is some evidence to suggest that additional therapy should be considered in HIV-uninfected pregnant
women with early syphilis: a second dose of benzathine penicillin G, 2.4 million units IM administered 1
week after the initial dose in women who have primary, secondary, and early-latent syphilis.'**# Because of
concerns about the efficacy of standard therapy in pregnant women who are not HIV infected, a second
injection in 1 week should be considered for HIV-infected pregnant women (BIII).

No alternatives to penicillin have been proven effective and safe for treatment of syphilis during pregnancy
or for prevention of fetal infection. Pregnant women who have a history of penicillin allergy should undergo
desensitization and treatment with penicillin (AIII)." Erythromycin and azithromycin do not reliably cure
maternal or fetal infection (AII); tetracyclines should not be used during pregnancy because of concerns
about hepatotoxicity and staining of fetal bones and teeth (AII).8'*” Data are insufficient on use of
ceftriaxone® for treatment of maternal infection and prevention of congenital syphilis (BIII).

Treatment of syphilis during the second half of pregnancy may precipitate preterm labor or fetal distress if it
is associated with a Jarisch-Herxheimer reaction.®® Pregnant women should be advised to seek obstetric
attention after treatment if they notice contractions or a decrease in fetal movement. During the second half
of pregnancy, syphilis management can be facilitated with sonographic fetal evaluation for congenital
syphilis, but this evaluation should not delay therapy. Sonographic signs of fetal or placental syphilis indicate
a greater risk of fetal treatment failure.”® Such cases should be managed in consultation with obstetric
specialists. Evidence is insufficient to recommend specific regimens for these situations. After >20 weeks of
gestation, fetal and contraction monitoring for 24 hours after initiation of treatment for early syphilis should
be considered when sonographic findings indicate fetal infection.

Repeat serologic titers should be performed in the third trimester and at delivery for women treated for
syphilis during pregnancy. Data are insufficient on the non-treponemal serologic response to syphilis after
stage-appropriate therapy in HIV-infected pregnant women. Non-treponemal titers can be assessed monthly
in women at high risk of re-infection. Clinical and non-treponemal antibody titers should be appropriate for
the stage of disease, although most women will deliver before their serologic response can be definitively
assessed. Maternal treatment is likely to be inadequate if delivery occurs within 30 days of therapy, if a
woman has clinical signs of infection at delivery, or if the maternal antibody titer is four-fold higher than the
pre-treatment titer. '

Recommendations for Treating Treponema pallidum Infections (Syphilis) Preventing Infection
(page 1 of 2)

Empiric treatment of incubating syphilis is recommended to prevent the development of disease in those who are sexually exposed.

Indication for Treatment:

* An individual who was exposed sexually within 90 days preceding the diagnosis of primary, secondary, or early-latent syphilis in a
sex partner (All)

« Individuals exposed >90 days before syphilis diagnosis in a sex partner, if serologic test results are not available immediately and
the opportunity for follow-up is uncertain (Alll).

Treatment:
» Same as for early stage syphilis listed below

General Considerations for Treating Syphilis:

* The efficacy of non-penicillin alternatives has not been well evaluated in HIV-infected persons and should be undertaken only with
close clinical and serologic monitoring.

 The Jarisch-Herxheimer reaction is an acute febrile reaction accompanied by headache and myalgias that can occur within the
first 24 hours after therapy for early syphilis.
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Recommendations for Treating Treponema pallidum Infections (Syphilis) Preventing Infection
(page 2 of 2)

Treatment Recommendations Depending on Stage of Disease:

Early Stage (Primary, Secondary, and Early-Latent Syphilis)
Preferred Therapy:
* Benzathine penicillin G 2.4 million units IM for 1 dose (All)

Alternative Therapy (For Penicillin-Allergic Patients):

* Doxycycline 100 mg PO BID for 14 days (BIl), or

* Ceftriaxone 1 g IM or IV daily for 10-14 days (Bll), or
e Azithromycin 2 g PO for 1 dose (BII)

Note: Chromosomal mutations associated with azithromycin resistance and treatment failures have been reported. Azithromycin
should be used with caution only when treatment with penicillin or doxycycline is not feasible. Azithromycin is not recommended
for MSM or pregnant women (All)

Note: Patients with penicillin allergy whose compliance or follow-up cannot be ensured should be desensitized and treated with
benzathine penicillin

Late-Latent Disease (>1 year or Of Unknown Duration, and No Sign of Neurosyphilis)

Preferred Therapy:
* Benzathine penicillin G 2.4 million units IM weekly for 3 doses (All)

Alternative Therapy (For Penicillin-Allergic Patients):
* Doxycycline 100 mg PO BID for 28 days (BIII)

Note: Patients with penicillin allergy whose compliance or follow-up cannot be ensured should be desensitized and treated with
benzathine penicillin

Late-Stage (Tertiary—Cardiovascular or Gummatous Disease)

» Perform CSF examination to rule out neurosyphilis and obtain infectious diseases consultation to guide management

Preferred Therapy:
* Benzathine penicillin G 2.4 million units IM weekly for 3 doses (All)

Neurosyphilis, Otic, or Ocular Disease

Preferred Therapy:

* Aqueous crystalline penicillin G, 18-24 million units per day, administered as 3—4 million units IV g4h or by continuous IV infusion
for 10-14 days (All) +/- benzathine penicillin G 2.4 million units IM weekly for 3 doses after completion of IV therapy (ClII)

Alternative Therapy:

* Procaine penicillin G 2.4 million units IM daily plus probenecid 500 mg PO QID for 10-14 days (BIl) +/- benzathine penicillin G 2.4
million units IM weekly for 3 doses after completion of above (CII)

* Patients who are allergic to sulfa-containing medications should not be given probenecid, thus the procaine penicillin regimen is
not recommended for these patients (Alll).

For Penicillin-Allergic Patients:
« Desensitization to penicillin is the preferred approach; if not feasible, ceftriaxone 2 g IM or 1V daily for 10-14 days (BII)

Key to Acronyms: BID = twice a day; CSF = cerebrospinal fluid; IM = intramuscular; IV = intraveneously; MSM = men who have sex

with men; PO = orally; QID = four times a day; q(n)h = every "'n" hours
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Mucocutaneous Candidiasis (Last updated October 28, 2014; last reviewed
October 28, 2014)

Epidemiology

Oropharyngeal and esophageal candidiasis are common in HIV-infected patients.!?> Most such infections are
caused by Candida albicans. The occurrence of oropharyngeal or esophageal candidiasis is recognized as an
indicator of immune suppression and is most often observed in patients with CD4 T lymphocyte (CD4) cell
counts <200 cells/mm?, with esophageal disease typically occurring at lower CD4 counts than oropharyngeal
disease.1,2 In contrast, vulvovaginal candidiasis—whether a single episode or recurrent—is common in
healthy, adult women and does not suggest HIV infection. The advent of antiretroviral therapy (ART) has led
to a dramatic decline in the prevalence of oropharyngeal and esophageal candidiasis and a marked
diminution in cases of refractory disease.

Fluconazole (or azole) resistance is predominantly the consequence of previous exposure to fluconazole (or
other azoles), particularly repeated and long-term exposure.* In this setting, C. albicans resistance has been
associated with a gradual emergence of non-albicans Candida species, particularly Candida glabrata, as a
cause of refractory mucosal candidiasis in patients with advanced immunosuppression and low CD4 counts.>¢

Clinical Manifestations

Oropharyngeal candidiasis is characterized by painless, creamy white, plaque-like lesions that can occur on
the buccal surface, hard or soft palate, oropharyngeal mucosa, or tongue surface. Lesions can be easily
scraped off with a tongue depressor or other instrument. Less commonly, erythematous patches without
white plaques can be seen on the anterior or posterior upper palate or diffusely on the tongue. Angular
cheilosis also can be caused by Candida.

Patients with esophageal candidiasis generally present with retrosternal burning pain or discomfort along
with odynophagia; occasionally esophageal candidiasis can be asymptomatic. Endoscopic examination
reveals whitish plaques similar to those observed with oropharyngeal disease. On occasion, the plaques may
progress to superficial ulcerations of the esophageal mucosa with central or peripheral whitish exudates.

In HIV-infected women with early-stage disease, Candida vulvovaginitis usually presents as it does in HIV-
uninfected women, with white adherent vaginal discharge associated with mucosal burning and itching of
mild-to-moderate severity and sporadic recurrences. In women with advanced immunosuppression, episodes
may be more severe and recur more frequently. In contrast to oropharyngeal candidiasis, vulvovaginal
candidiasis is less common and rarely refractory to azole therapy.

Diagnosis

Oropharyngeal candidiasis is usually diagnosed clinically based on the characteristic appearance of lesions.
In contrast to oral hairy leukoplakia, the white plaques of oropharyngeal candidiasis can be scraped off the
mucosa. If laboratory confirmation is required, scrapings can be examined microscopically for characteristic
yeast or hyphal forms, using a potassium hydroxide preparation. Cultures of clinical exudative material yield
the species of Candida present.

The definitive diagnosis of esophageal candidiasis requires direct endoscopic visualization of lesions with
histopathologic demonstration of characteristic Candida yeast forms in tissue and confirmation by fungal
culture and speciation. The diagnosis is often made empirically based on symptoms plus response to therapy,
or visualization of lesions plus fungal smear or brushings without histopathologic examination.

Vulvovaginal candidiasis usually is diagnosed based on the clinical presentation coupled with the
demonstration of characteristic blastosphere and hyphal yeast forms in vaginal secretions when examined
microscopically after potassium hydroxide preparation. Culture confirmation is rarely required but may
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provide supportive information. Self-diagnosis of vulvovaginitis is unreliable; microscopic and culture
confirmation is required to avoid unnecessary exposure to treatment.

Preventing Exposure

Candida organisms are common commensals on mucosal surfaces in healthy individuals. No measures are
available to reduce exposure to these fungi.

Preventing Disease

Data from prospective controlled trials indicate that fluconazole can reduce the risk of mucosal disease (i.e.,
oropharyngeal, esophageal, and vulvovaginal) in patients with advanced HIV.”"!° However, routine primary
prophylaxis is not recommended because mucosal disease is associated with very low attributable morbidity and
mortality and, moreover, acute therapy is highly effective. Primary antifungal prophylaxis can lead to infections
caused by drug-resistant Candida species and introduce significant drug-drug interactions. In addition long-term
oral prophylaxis is expensive. Therefore, routine primary prophylaxis is not recommended (AIII).

Treating Disease

Oral fluconazole is as effective as and, in certain studies, superior to topical therapy for oropharyngeal
candidiasis. In addition, oral therapy is more convenient than topical therapy and usually better tolerated.
Therefore, oral fluconazole is considered the drug of choice to treat oropharyngeal candidiasis (AI).!" Using
topical rather than systemic oral therapy reduces systemic drug exposure, diminishes risk of drug-drug
interactions and systemic adverse events, and possibly decreases the development of secondary antifungal
resistance. Mild-to-moderate episodes of oropharyngeal candidiasis can be adequately treated with topical
therapy, including once-daily miconazole in 50-mg mucoadhesive buccal tablets (BI) or clotrimazole troches 5
times daily (BI). In a multicenter, randomized study among HIV-infected individuals, 50-mg mucoadhesive
buccal tablets of miconazole applied once daily to the mucosal surface over the canine fossa were as effective
as 10-mg clotrimazole troches used 5 times daily.!? Nystatin suspension or pastilles four times daily remain an
additional alternative (BII)."

Itraconazole oral solution for 7 to 14 days is as effective as oral fluconazole for oropharyngeal candidiasis but
less well tolerated (BI).!* Posaconazole oral suspension'* also is as effective as fluconazole and generally
better tolerated than itraconazole solution (BI). Both antifungals are alternatives to oral fluconazole, although
few situations require that these drugs be used in preference to fluconazole solely to treat mucosal candidiasis.
In a multicenter, randomized study, posaconazole was proven more effective than fluconazole in sustaining
clinical success after antifungal therapy was discontinued.'* A new solid oral delayed-release tablet
formulation of posaconazole has been developed.!> Whether it offers any advantage for the treatment of
oropharyngeal candidiasis is unknown and it currently is indicated only for prophylaxis of invasive
Aspergillus and Candida infections in certain highly susceptible, non-HIV patients populations with persistent
neutropenia or allogeneic hematopoeitic stem cell transplantation.'® Itraconazole capsules are less effective
than fluconazole because of their more variable absorption and they are associated with more drug-drug
interactions than fluconazole.

Systemic antifungals are required for effective treatment of esophageal candidiasis (AI). A 14- to 21-day
course of either fluconazole (oral or intravenous [IV]) or oral itraconazole solution is highly effective (AI).
However, patients with severe symptoms initially may have difficulty swallowing oral drugs. As with
oropharyngeal candidiasis, itraconazole capsules for esophageal candidiasis are less effective than fluconazole
because of variable absorption (CII). Voriconazole, amphotericin B (either deoxycholate or lipid
formulations) and the echinocandins caspofungin, micafungin, and anidulafungin all are effective in treating
esophageal candidiasis (BI). However, esophageal candidiasis appears to have a higher relapse rate after
treatment with the echinocandins.!”!® Therefore, oral or IV fluconazole remains the preferred therapy for
esophageal candidiasis (AI). Although other pathogens (e.g., cytomegalovirus, herpes simplex virus
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esophagitis) can mimic the symptoms of esophageal candidiasis, a diagnostic and therapeutic trial of
antifungal therapy is usually warranted before endoscopy. In those who do not respond to antifungal therapy,
endoscopy is recommended to identify different causes of esophagitis or drug-resistant Candida (AII).

In most HIV-infected women, vulvovaginal candidiasis is uncomplicated and responds readily to short-course
oral or topical treatment with any of several therapies, including:

e Oral fluconazole (AII)
» Topical azoles (clotrimazole, butoconazole, miconazole, tioconazole, or terconazole) (AII)

» Itraconazole oral solution (BII)

Severe or recurrent episodes of vaginitis should be treated with oral fluconazole or topical antifungal therapy
for >7 days (AII).

Special Considerations with Regard to Starting ART

There are no special considerations regarding initiation of ART in patients with mucocutaneous candidiasis.
Specifically, there is as yet no evidence that treatment with ART needs to be delayed until treatment for
candidiasis has been completed.

Monitoring of Response to Therapy and Adverse Events (Including IRIS)

For most patients with mucocutaneous candidiasis, response to antifungal therapy is rapid; signs and
symptoms improve within 48 to 72 hours. Short courses of topical therapy rarely result in adverse effects,
although patients may experience cutaneous hypersensitivity reactions characterized by rash and pruritus. Oral
azole therapy can be associated with nausea, vomiting, diarrhea, abdominal pain, or transaminase elevations.
Periodic monitoring of liver function studies should be considered if azole therapy is anticipated for >21 days,
especially in patients with other hepatic comorbidities (AII). The echinocandins appear to be associated with
very few adverse reactions: histamine-related infusion toxicity, transaminase elevations, and rash have been
attributed to these drugs. No dose adjustments are required in renal failure.

Immune reconstitution inflammatory syndrome with ART has not yet been reported for mucocutaneous
candidiasis in HIV-infected patients. Indeed, ART is associated with a markedly reduced incidence of candidiasis.

Managing Treatment Failure

Antifungal treatment failure is typically defined as the persistence of signs or symptoms of oropharyngeal or
esophageal candidiasis after 7 to 14 days of appropriate antifungal therapy. Refractory disease occurs in
approximately 4% to 5% of HIV-infected patients with oral or esophageal candidiasis, typically those with
CD#4 cell counts <50 cells/mm? and who have received multiple courses of azole antifungals.* Confirmatory
culture and, in the case of esophageal candidiasis, endoscopy are necessary to confirm treatment failure due to
azole resistance or other causes of esophagitis, especially if these procedures were not initially performed.

Posaconazole immediate-release oral suspension (400 mg twice daily for 28 days) is effective in 75% of
patients with azole-refractory oropharyngeal or esophageal candidiasis (AI).!” Again, although the new solid
delayed-release tablet formulation has been recently made available, it is not known if it offers an advantage
over the suspension for treating this particular disease. Alternatively, oral itraconazole solution is effective, at
least transiently, in approximately two-thirds of patients with fluconazole-refractory mucosal candidiasis
(BIN)." If necessary, azole-refractory esophageal candidiasis also can be treated with anidulafungin (BII),
caspofungin (BII), micafungin (BII), or voriconazole (BII).

IV amphotericin B is usually effective for treating refractory disease (BII). Both amphotericin B deoxycholate
and the lipid preparations of amphotericin B have been used successfully (BII). Amphotericin B oral
suspension (1 mL of the 100-mg/mL suspension 4 times daily) is sometimes effective in patients whose
oropharyngeal candidiasis does not respond to itraconazole (BII), but this product is not commercially
available in the United States.
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Preventing Recurrence
When to Start Chronic Suppressive Therapy

A randomized clinical trial'® in HIV-infected patients with CD4 counts <150 cells/mm?® documented a
significantly lower number of episodes of oropharyngeal candidiasis and other invasive fungal infections
with continuous fluconazole therapy (3 times a week) compared with episodic fluconazole treatment for
recurrences. This clinical trial also demonstrated no difference in the risk of developing clinically significant
fluconazole resistance between the two groups among those receiving ART.

However, chronic suppressive therapy is not recommended by most HIV specialists for recurrent
oropharyngeal or vulvovaginal candidiasis unless patients have frequent or severe recurrences (BIII) because
therapy for acute disease is effective, mortality associated with mucocutaneous disease is low, potential
exists for drug interactions and for the development of antifungal-resistant Candida, and chronic suppressive
therapy is costly.

If recurrences are frequent or severe, oral fluconazole can be used as suppressive therapy for either
oropharyngeal (BI), esophageal (BI), or vulvovaginal (BII) candidiasis.” Oral posaconazole twice daily is
also effective for esophageal candidiasis (BIT).?° The potential for development of secondary azole resistance
should be considered when contemplating chronic maintenance therapy using azoles in HIV-infected patients
who are severely immunocompromised. Several important factors should be taken into account when making
the decision to use chronic suppressive therapy. These include the effect of recurrences on the patient’s well-
being and quality of life, the need for prophylaxis against other fungal infections, cost, adverse events and,
most importantly, drug-drug interactions.?!

Rates of relapse are high in patients with azole-refractory oropharyngeal or esophageal candidiasis who have
initially responded to echinocandins, voriconazole, or posaconazole therapy. In such patients, chronic
suppressive therapy should be instituted until ART produces immune reconstitution (AILI).

When to Stop Chronic Suppressive Therapy

In situations where chronic suppressive therapy has been instituted, no data exist to guide recommendations
regarding its discontinuation. On the basis of experience with other opportunistic infections, it would be
reasonable to discontinue chronic suppressive therapy when the CD4 count has risen to >200 cells/mm?
following initiation of ART (AIII).

Special Considerations During Pregnancy

Pregnancy increases the risk of vaginal colonization with Candida species. Diagnosis of oropharyngeal,
esophageal, and vulvovaginal candidiasis is the same in pregnant women as in those who are not pregnant.

Topical therapy is preferable for treatment of oral or vaginal candidiasis in pregnancy, when possible (AIII).
Although single-dose, episodic treatment with oral fluconazole has not been associated with birth defects in
humans, its use has not been widely endorsed.? Five cases of a syndrome consisting of craniosynostosis,
characteristic facies, digital synostosis, and limb contractures (fluconazole embryopathy) have been reported
in women chronically prescribed fluconazole at doses of 400 mg daily or higher in pregnancy.?® On the basis
of these data, substitution of amphotericin B for high-dose fluconazole in the first trimester is recommended
for invasive or refractory esophageal candidal infections (AIIT). Neonates born to women receiving chronic
amphotericin B at delivery should be evaluated for renal dysfunction and hypokalemia. Itraconazole has been
shown to be teratogenic in animals at high doses, but the metabolic mechanism accounting for these defects
is not present in humans, so these data are not applicable. Case series in humans do not suggest an increased
risk of birth defects with itraconazole,* but experience is limited. Human data are not available for
posaconazole; however, the drug was associated with skeletal abnormalities in rats and was embryotoxic in
rabbits when given at doses that produced plasma levels equivalent to those seen in humans. Voriconazole is
considered an FDA Category D drug because of its association with cleft palate and renal defects seen in rats
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and embryotoxicity seen in rabbits. However, human data on the use of voriconazole are not available, so use
in the first trimester is not recommended. Multiple anomalies have been seen in animals exposed to
micafungin, and ossification defects have been seen with use of anidulafungin and caspofungin. Human data
are not available for these drugs, thus their use in human pregnancy is not recommended (AIII).

Chemoprophylaxis, either chronic maintenance therapy or secondary prophylaxis, against oropharyngeal,
esophageal, or vaginal candidiasis using systemically absorbed azoles should not be initiated during
pregnancy (AIII). Furthermore, prophylaxis with systemic azoles should be discontinued in HIV-infected
women who become pregnant (AIII).

Recommendations for Treating Mucosal Candidiasis (page 1 of 2)

Treating Mucosal Candidiasis
Oropharyngeal Candidiasis: Initial Episodes (Duration of Therapy: 7-14 days)

Preferred Oral Therapy:
* Fluconazole 100 mg PO once daily (Al), or

Preferred Topical Therapy:

* Clotrimazole troches 10 mg PO 5 times daily (Bl), or

» Miconazole mucoadhesive buccal tablet 50 mg: Apply to mucosal surface over the canine fossa once daily (do not swallow, chew,
or crush tablet). Refer to product label for more detailed application instructions. (Bl)

Alternative Oral Therapy:

« [traconazole oral solution 200 mg PO daily (Bl), or

* Posaconazole oral suspension 400 mg PO BID for one day, then 400 mg daily (BI)

Alternative Topical Therapy:

* Nystatin suspension 4-6 mL QID or 1-2 flavored pastilles 4-5 times daily (BII)

Esophageal candidiasis (Duration of Therapy: 14-21 days)
Note: Systemic antifungals are required for effective treatment of esophageal candidiasis (Al)

Preferred Therapy:

* Fluconazole 100 mg (up to 400 mg) PO or IV daily (Al), or
* [traconazole oral solution 200 mg PO daily (Al)
Alternative Therapy:

* Voriconazole 200 mg PO or IV BID (BI), or

* Caspofungin 50 mg IV daily (BI), or

 Micafungin 150 mg IV daily (BI), or

* Anidulafungin 100 mg IV for one dose, then 50 mg IV daily (Bl), or
* Amphotericin B deoxycholate 0.6 mg/kg IV daily (BI), or

* Lipid formulation of amphotericin B 3-4 mg/kg IV daily (BIl)

Note: A higher rate of esophageal candidiasis relapse has been reported with echinocandins than with fluconazole.
Uncomplicated Vulvovaginal Candidiasis

Preferred Therapy:

¢ Oral fluconazole 150 mg for 1 dose (All) ; or
« Topical azoles (clotrimazole, butoconazole, miconazole, tioconazole, or terconazole) for 3—7 days (All)

Alternative Therapy:
* [traconazole oral solution 200 mg PO daily for 3-7 days (BII)

Severe or recurrent vaginitis should be treated with oral fluconazole (100-200 mg) or topical antifungals for =7 days (All)

Chronic Suppressive Therapy

« Chronic suppressive therapy is usually not recommended unless patients have frequent or severe recurrences (BIl).
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Recommendations for Treating Mucosal Candidiasis (page 2 of 2)

« |f used, it is reasonable to discontinue therapy if CD4 count >200 cells/mm? (AIll).

If Decision Is To Use Suppressive Therapy
Oropharyngeal Candidiasis:
¢ Fluconazole 100 mg PO once daily or 3 times weekly (Bl)

Esophageal Candidiasis:

« Fluconazole 100-200 mg PO daily (BI)

* Posaconazole oral suspension 400 mg PO BID (BII)
Vulvovaginal Candidiasis:

* Fluconazole 150 mg PO once weekly (BII)

Other Considerations
« Chronic or prolonged use of azoles might promote development of resistance.

« Systemic azoles may have significant drug-drug interactions with ARV drugs and other drugs for treatment of Ol; refer to Table 5
for dosing recommendations. Consider therapeutic drug monitoring if prolonged use is indicated.

Key to Acronyms: ARV = antiretroviral; BID = twice daily; CD4 = CD4 T lymphocyte; IV = intravenous; Ol = opportunistic infection; PO
= orally; QID = four times daily
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Cryptococcosis (Last updated May 7, 2013; last reviewed May 7, 2013)

Epidemiology

Most HIV-associated cryptococcal infections are caused by Cryptococcus neoformans, but occasionally
Cryptococcus gattii is recognized. C. neoformans is found worldwide, whereas C. gattii most often is found
in Australia and similar subtropical regions and in the Pacific Northwest. Before the era of effective
antiretroviral therapy (ART), approximately 5% to 8% of HIV-infected patients in developed countries were
diagnosed with disseminated cryptococcosis.! Current estimates indicate that every year, nearly 1 million
cases of cryptococcal meningitis are diagnosed worldwide and the disease accounts for more than 600,000
deaths.? In the last decade, incidence has declined substantially in areas with access to effective ART, and
most new infections are being recognized in patients recently diagnosed with HIV infection.’ Most cases are
observed in patients who have CD4 T-lymphocyte (CD4) cell counts <100 cells/mm?.

Clinical Manifestations

In HIV-infected patients, cryptococcosis commonly presents as a subacute meningitis or meningoencephalitis
with fever, malaise, and headache.! Classic meningeal symptoms and signs, such as neck stiffness and
photophobia, occur in only one-quarter to one-third of patients. Some patients experience encephalopathic
symptoms, such as lethargy, altered mentation, personality changes, and memory loss that are usually a result
of increased intracranial pressure, thought to result from impaired cerebrospinal fluid (CSF) absorption, or
yeast infection of the brain.

Cryptococcosis usually is disseminated when diagnosed in an HIV-infected patient. Any organ of the body
can be involved, and skin lesions may be myriad, including umbilicated skin lesions mimicking molluscum
contagiosum. Isolated pulmonary infection is also possible; symptoms and signs include cough and dyspnea
in association with an abnormal chest radiograph, which typically demonstrates lobar consolidation, although
lobar and nodular infiltrates have been reported. Pulmonary cryptococcosis may present as acute respiratory
distress syndrome and mimic Preumocystis pneumonia.

Diagnosis

Analysis of CSF generally demonstrates mildly elevated levels of serum protein, low-to-normal glucose
concentrations, and pleocytosis consisting mostly of lymphocytes. Some HIV-infected patients will have
very few CSF inflammatory cells, but an India ink or Gram’s stain preparation often will demonstrate
numerous yeast forms. The opening pressure in the CSF may be elevated, with pressures >25 cm H,O
occurring in 60 to 80% of patients.**

Cryptococcal disease can be diagnosed through culture of blood or CSF, CSF microscopy with India ink
staining, or cryptococcal antigen (CrAg) detection. In patients with HIV-related cryptococcal meningitis,
55% of blood cultures and 95% of CSF cultures are positive and visible colonies can be detected within 7
days. India ink staining of CSF demonstrates encapsulated yeast in 60% to 80% of cases, but many
laboratories in the United States no longer perform this test. CSF CrAg is usually positive in patients with
meningoencephalitis. Serum CrAg is usually positive in both meningeal and non-meningeal infection and
may be present weeks to months before symptom onset.® A positive serum CrAg should prompt a lumbar
puncture to rule out meningeal disease. Three methods exist for antigen detection: latex agglutination,
enzyme immunoassays, and lateral flow assay (a newly developed dipstick test). Testing for the antigen is a
useful initial screening tool in diagnosing cryptococcosis in HIV-infected patients,’ and it may be particularly
useful when lumbar punctures need to be delayed or are refused.
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Preventing Exposure

Cryptococcus is ubiquitous in the environment; it is found in soils. HIV-infected patients cannot completely
avoid exposure to C. neoformans or C. gattii. Limited epidemiological evidence suggests that exposure to
aged bird droppings may increase risk of infection.

Preventing Disease

Because the incidence of cryptococcal disease is low among HIV-infected patients in the United States,
routine testing of asymptomatic persons for serum cryptococcal polysaccharide antigen is not recommended
for patients residing there.

Prospective, controlled trials indicate that prophylactic fluconazole or itraconazole can reduce the frequency
of primary cryptococcal disease in patients who have CD4 cell counts <100 cells/mm?.%* However, in the
United States, primary prophylaxis or screening for serum CrAg in asymptomatic patients is not
recommended because of the relative infrequency of cryptococcal disease, lack of survival benefit associated
with prophylaxis, possibility of drug interactions, potential antifungal drug resistance, and cost (BII).

Treating Disease

Treating cryptococcosis consists of three phases: induction, consolidation, and maintenance therapy. The
preferred induction treatment for cryptococcal meningitis and other forms of extrapulmonary cryptococcosis
is a lipid formulation of amphotericin B in combination with flucytosine (AI). Historically, amphotericin B
deoxycholate was the preferred formulation at a dose of 0.7 to 1.0 mg/kg daily (AI). However, based on the
growing body of evidence that lipid formulations of amphotericin B are effective for disseminated
cryptococcosis and should be used as the preferred formulation (AI), particularly in patients who experience
clinically significant renal dysfunction during therapy or who are likely to develop it. The non-comparative
CLEAR study demonstrated a 58% response rate in HIV-infected patients treated with amphotericin B lipid
complex at mean dose of 4.4 mg/kg daily.!® In a Dutch and Australian study, a 3-week course of liposomal
amphotericin B (4 mg/kg daily) resulted in more rapid sterilization of CSF than amphotericin B deoxycholate
(0.7 mg/kg daily)." A recently published comparison of amphotericin B deoxycholate (0.7 mg/kg daily), and
liposomal amphotericin B (AmBisome®) (3 mg/kg or 6 mg/kg daily) showed similar efficacy for the three
regimens, but nephrotoxicity was lower with 3 mg/kg daily liposomal amphotericin B.!?

Therefore, liposomal amphotericin B, in a dose of 3 to 4 mg/kg/daily, is recommended as the preferred
amphotericin B formulation for primary induction therapy (AI), based on clinical experience and reduced
renal toxicity compared to amphotericin B deoxycholate. Amphotericin B lipid complex in a dose of 5 mg/kg
daily is an alternative (BII).

Amphotericin B formulations should be combined with flucytosine at a dose of 100 mg/kg daily in 4 divided
doses for >2 weeks in patients with normal renal function and is the preferred regimen for primary induction
therapy (AI). Renal function should be monitored closely and the flucytosine dose adjusted accordingly for
patients with renal impairment. The addition of flucytosine to amphotericin B during acute treatment is
associated with more rapid sterilization of CSF.!3-'® A recent randomized clinical trial also showed that the
combination of amphotericin B deoxycholate in a dose of 1.0 mg/kg/d combined with flucytosine was
associated with improved survival compared to the same dose of amphotericin B without flucytosine.!”

Amphotericin B deoxycholate in combination with fluconazole 400 mg daily was inferior to amphotericin B
in combination with flucytosine for clearing Cryptococcus from CSF.!® However, in two randomized trials,
amphotericin B plus fluconazole 800 mg daily compared favorably with amphotericin B alone.!”!° Therefore,
amphotericin B deoxycholate or lipid-formulated amphotericin B alone or combined with fluconazole at 800
mg daily may be viable options in some circumstances but are less preferable alternatives than lipid-
formulated amphotericin B combined with flucytosine (BI).
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Fluconazole (400-800 mg daily) combined with flucytosine is also a potential alternative to amphotericin B
regimens (BII).?° Fluconazole alone, based on early fungicidal activity, is inferior to amphotericin B?! for
induction therapy and is recommended only for patients who cannot tolerate or do not respond to standard
treatment. If it is used for primary induction therapy, the starting daily dose should be 1200 mg (CII).*

After at least 2 weeks of successful induction therapy—defined as substantial clinical improvement and a
negative CSF culture after repeat lumbar puncture—amphotericin B and flucytosine can be discontinued and
follow-up or consolidation therapy initiated with fluconazole 400 mg daily (AI). This therapy should
continue for at least 8 weeks (AI).!*!*?3 Subsequently, the fluconazole should be reduced to 200 mg daily
and continued as chronic maintenance therapy to complete at least one year of azole therapy (see Preventing
Recurrence section below).?* Limited data are available for the newer triazoles, voriconazole and
posaconazole, as either primary or maintenance therapy for patients with cryptococcosis. Most of the data on
use of these extended-spectrum triazole antifungals have been reported for treatment of refractory cases, with
success rates of approximately 50%.2526 At this time, the role of posaconazole and voriconazole in the
management of cryptococcosis is not established. Voriconazole should be used cautiously with HIV protease
inhibitors and efavirenz.

Non-central-nervous-system (CNS), extrapulmonary cryptococcosis and diffuse pulmonary disease should be
treated similarly to CNS disease (BIII). For mild-to-moderate symptoms and focal pulmonary infiltrates,
treatment with fluconazole (400 mg daily for 12 months) combined with effective ART is appropriate (BIII).
All patients should have their CSF sampled to rule out CNS disease.

Special Considerations with Regard to Starting ART

Optimal timing for initiation of ART in patients with acute cryptococcal meningitis is controversial. One
randomized, controlled trial that included 35 patients with cryptococcal meningitis suggested that ART was
safe when started within the first 14 days of diagnosis.?’ A subsequent study from Africa demonstrated
significantly worse outcomes in 54 patients started on ART within 72 hours of cryptococcal meningitis
diagnosis compared with those in which ART was delayed for at least 10 weeks.?® However, in the latter study,
cryptococcal meningitis was managed with fluconazole alone, and ART consisted of nevirapine, stavudine, and
lamivudine. Neither fluconazole alone nor the latter ART regimen are recommended as preferred initial
treatment in the United States. Lastly, another randomized clinical trial conducted in Africa in hospitalized
patients with acute cryptococcal meningitis was recently halted by a Data and Safety Monitoring Board due to
higher mortality in the early ART arm (defined as ART started during the hospitalization) compared to the arm
in which patients waited to start ART until after their discharge from the hospital. In contrast to the other
African study, this study used amphotericin B plus fluconazole during the induction phase of antifungal
treatment (http://www.niaid.nih.gov/news/newsreleases/2012/Pages/COAT.aspx). Such data must be viewed
with caution until fully reported and analyzed.

In patients with severe cryptococcosis (particularly those with elevated increased intracranial pressure
[ICP]), it may be prudent to delay initiation of ART until induction (the first 2 weeks) or the total
induction/consolidation phase (10 weeks) has been completed. However, for patients with advanced
immunosuppression (CD4 count <50 cells/mm?) earlier initiation of ART may be necessary (BIII). If the
treating physician elects to begin effective ART earlier, preparations should be made to aggressively address
complications of immune reconstitution inflammatory syndrome (IRIS) such as elevated ICP (BIII).

All the triazole antifungals have the potential for complex, and possibly bidirectional, interactions with
certain antiretroviral agents. Table 5 lists these interactions and recommendations for dosage adjustments,
where feasible.

Monitoring of Response to Therapy and Adverse Events (including IRIS)

ICP can cause clinical deterioration despite a microbiologic response and is more likely if the CSF opening
lumbar pressure is >25cm H,O*'* when obtained in the lateral decubitus position with good manometrics
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assured. In one large clinical trial, increased ICP was associated with 93% of deaths during the first 2 weeks of
therapy and 40% of deaths during weeks 3 to 10.* Although it is uncertain which patients with high opening
lumbar pressures will deteriorate, those with symptoms and signs of ICP require immediate clinical intervention.

Lumbar opening pressure should be measured in all patients with cryptococcal meningitis at the time of
diagnosis. Measures to decrease ICP should be used for all patients with confusion, blurred vision,
papilledema, lower extremity clonus, or other neurologic signs of increased pressure. Lumbar punctures
usually are recommended for initial management. One approach is to remove a volume of CSF (typically 20—
30 mL) that at least halves the opening pressure? and repeat daily until symptoms and signs consistently
improve. CSF shunting through a lumbar drain or ventriculostomy should be considered for patients who
cannot tolerate lumbar puncture or in whom signs and symptoms of cerebral edema persist after multiple
lumbar taps (BIII). Corticosteroids and mannitol have been shown to be ineffective in managing ICP and are
not recommended (CIII). Acetazolamide is hazardous as therapy for increased ICP management in those
without signs IRIS and is not recommended (BII).

After the first 2 weeks of treatment, many experts would advocate a repeat lumbar puncture to ensure that
viable organisms have been cleared from the CSF. Even in patients who have clinical improvement, positive
CSF cultures after 2 weeks of therapy are predictive of future relapse and less favorable outcome. In such
cases, some experts would continue amphotericin B plus flucytosine until the CSF cultures are negative (BIII).
Monitoring titers of cryptococcal polysaccharide antigen in serum or CSF is of no value in determining
response to therapy and is not recommended. If new symptoms or clinical findings occur later, a repeat
lumbar puncture, with measurement of opening lumbar pressure and CSF culture, should be performed.

Patients treated with amphotericin B formulations should be monitored for dose-dependent nephrotoxicity
and electrolyte disturbances. Pre-infusion administration of 500 to 1000 mL of normal saline appears to
reduce the risk of nephrotoxicity during amphotericin B treatment. Thirty minutes before infusion,
acetaminophen (650 mg) and diphenhydramine (25-50 mg) or hydrocortisone (50—-100 mg) typically are
administered in an attempt to ameliorate infusion-related adverse reactions (BIII), but data supporting these
practices are scant. Meperidine (25-50 mg titrated during infusion) is effective for preventing and treating
amphotericin B-associated rigors (BII).

In patients receiving flucytosine, dosage should be adjusted based on changes in creatinine clearance and
might be guided by flucytosine levels. Peak serum flucytosine levels should be obtained 2 hours after an oral
dose and the therapeutic range is between 30 and 80 pg/mL. Alternatively, frequent (i.e., at least bi-weekly)
blood counts can be performed to detect development of cytopenia. Patients treated with flucytosine also
should be monitored for hepatotoxicity and gastrointestinal toxicities.

An estimated 30% of HIV-infected patients with cryptococcal meningitis experience IRIS after initiation or
reinitiation of effective ART.?%3! Patients who have cryptococcal IRIS are more likely to be antiretroviral
naive, have higher HIV RNA levels, and have less CSF inflammation on initial presentation.?? Distinguishing
IRIS from treatment failure may be difficult. In general, cryptococcal IRIS presents with worsening clinical
disease despite microbiological evidence of effective antifungal therapy,’?3* whereas treatment failure is
associated with continued positive cultures. Appropriate management of IRIS is to continue both ART and
antifungal therapy and reduce elevated ICP, if present (AII). In patients with severe symptoms of IRIS, some
specialists recommend a brief course of glucocorticosteroids (CIII), but data based management strategies
have not been developed.

Managing Treatment Failure

Treatment failure is defined as lack of clinical improvement after 2 weeks of appropriate therapy, including
management of increased ICP, with continued positive cultures; or relapse after an initial clinical response,
defined as recurrence of symptoms with a positive CSF culture after >4 weeks of treatment. Direct primary
fluconazole resistance with C. neoformans has been reported in the United States but is uncommon.>*
Therefore, susceptibility testing is not routinely recommended for intial management of cryptococcosis.
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Isolates collected to evaluate for persistence or relapse should, however, be checked for susceptibility and
compared with the original isolate. Strains with fluconazole minimum inhibitory concentrations >16 pg/mL
are considered fluconazole resistant.*

Optimal therapy for patients with treatment failure has not been established. Patients who fail to respond to
induction with fluconazole monotherapy should be switched to amphotericin B, with or without flucytosine,
and remain on it until a clinical response occurs. Liposomal amphotericin B (4—6 mg/kg/day) or amphotericin
B lipid complex (5 mg/kg/day) is better tolerated and has greater efficacy than deoxycholate formulation in this
setting!"123¢ and should be considered when initial treatment with other regimens fails (AII).

Higher doses of fluconazole in combination with flucytosine also may be useful (BIII). Echinocandins have
no activity against Cryptococcus spp. and are not recommended for clinical management of cryptococcosis
(AII). The newer triazoles—posaconazole and voriconazole—have activity against Cryptococcus spp. in
vitro and may have a role in salvage therapy, but probably offer no specific advantages over fluconazole
unless in vitro susceptibility testing indicates fluconazole resistance. Most clinical failures are a result of
inadequate induction therapy, drug interactions that interfere with treatment, or development of IRIS and are
not due to drug resistance.

Preventing Recurrence
When to Start Secondary Prophylaxis

Patients who have completed the first 10 weeks of induction and consolidation therapy for acute
cryptococcosis should be given chronic maintenance or suppressive therapy with fluconazole 200 mg daily
(AI). Itraconazole is inferior to fluconazole for preventing relapse of cryptococcal disease and should not be
used (CI).?

When to Stop Secondary Prophylaxis

Only a small number of patients have been evaluated for relapse after successful antifungal therapy for
cryptococcosis and discontinuation of secondary prophylaxis while on ART. In a European study, recurrence
of cryptococcosis was seen in none of 39 subjects on potent ART whose antifungal therapy was discontinued.
In this cohort, when maintenance therapy was stopped, the median CD4 cell count was 297 cells/mm?, the
median HIV RNA concentration was <500 copies/mL, and the median time on potent ART was 25 months.?’
A prospective, randomized study of 60 patients in Thailand documented no recurrences of cryptococcosis
during 48 weeks of follow-up among 22 patients whose antifungal therapy was discontinued after having
achieved a CD4 count >100 cells/mm? with a sustained undetectable HIV RNA level for 3 months on potent
ART.?® Given these data and inference from data on discontinuation of secondary prophylaxis for other HIV-
associated opportunistic infections, it is reasonable to discontinue chronic antifungal maintenance therapy for
cryptococcosis in patients whose CD4 cell counts are >100 cells/mm?*, who have undetectable viral loads on
ART for >3 months, and who have received a minimum of 1 year of azole antifungal chronic maintenance
therapy after successful treatment of cryptococcosis (BII).* Secondary prophylaxis should be reinitiated if
the CD4 count decreases again to <100 cells/mm? (AILI).

Special Considerations During Pregnancy

The diagnosis of cryptococcal infections during pregnancy is similar to that in non-pregnant adults.
Treatment should be initiated promptly after a diagnosis is confirmed. It should be emphasized that the
postpartum period may be a high-risk period for the development of IRIS.

Lipid formulations of amphotericin B are the preferred initial regimen for the treatment of cryptococcal
meningoencephalitis, disseminated disease, or severe pulmonary cryptococcosis in pregnant patients.
Extensive clinical experience with amphotericin has not documented teratogenicity. Neonates born to women
on chronic amphotericin B at delivery should be evaluated for renal dysfunction and hypokalemia.
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Flucytosine was teratogenic in animal studies, and human experience is limited to case reports and small
series. Therefore, its use should be considered only when the benefits outweigh its risks to the fetus (CIII).

Congenital malformations similar to those observed in animals, including craniofacial and limb
abnormalities, have been reported in infants born to mothers who received fluconazole at doses of >400
mg/day or more through or beyond the first trimester of pregnancy.*’ Although several cohort studies have
shown no increased risk of birth defects with early pregnancy exposure, most of these involved low doses
and short term exposure to fluconazole.*'*** Based on the reported birth defects, the FDA has changed the
pregnancy category for fluconazole from C to D for any use other than a single, low dose for treatment of
vaginal candidiasis, (http:/www.fda.gov/Drugs/DrugSafety/ucm266030.htm) and use of fluconazole in the
first trimester should be considered only if the benefits clearly outweigh risks. For pregnant women,
amphotericin should be continued throughout the first trimester with consideration of switching to oral
fluconazole, if clinically appropriate, after the first trimester.

Although there are case reports of birth defects in infants exposed to itraconazole, prospective cohort studies
of over 300 women with first trimester exposure did not show an increased risk of malformation.**
However, in general azole antifungals should be avoided during the first trimester of pregnancy (BIII).
Voriconazole and posaconazole are teratogenic and embryotoxic in animal studies, voriconazole at doses
lower than recommended human doses; there are no adequate controlled studies in humans. These drugs
should be avoided in pregnancy, especially in the first trimester (AIII).

Recommendations for Preventing and Treating Cryptococcosis (page 1 of 2)

Treating Cryptococcal Meningitis
Induction Therapy (For At Least 2 Weeks, Followed by Consolidation Therapy)

Preferred Regimens:
* Liposomal amphotericin B 3-4 mg/kg IV daily + flucytosine 25 mg/kg PO QID (Al)

Note: Flucytosine dose should be adjusted in renal impairment

Alternative Regimens:

» Amphotericin B lipid complex 5 mg/kg 1V daily + flucytosine 25 mg/kg PO QID (BII)

» Amphotericin B (deoxycholate 0.7-1.0 mg/kg IV daily + flucytosine 25 mg/kg PO QID (Al)

« Liposomal amphotericin B 3-4 mg/kg IV daily + fluconazole 800 mg PO or IV daily (BII)

» Amphotericin B (deoxycholate 0.7-1.0 mg/kg IV daily) + fluconazole 800 mg PO or IV daily (BI)
* Liposomal amphotericin B 3-4 mg/kg IV daily alone (BII)

* Fluconazole 400-800 mg PO or IV daily + flucytosine 25 mg/kg PO QID (BII)

* Fluconazole 1200 mg PO or IV daily alone (ClI)

Consolidation Therapy (For At Least 8 Weeks, Followed by Maintenance Therapy)

* To begin after at least 2 weeks of successful induction therapy (defined as substantial clinical improvement and a negative CSF
culture after repeat LP)

Preferred Regimen:
* Fluconazole 400 mg PO or IV once daily (Al)

Alternative Regimen:
* |traconazole 200 mg PO BID (CI)

Maintenance Therapy

Preferred Regimen:
* Fluconazole 200 mg PO for at least 1 year (Al)
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Recommendations for Preventing and Treating Cryptococcosis (page 2 of 2)

Stopping Maintenance Therapy

If the following criteria are fulfilled (Bl):

» Completed initial (induction, consolidation) therapy, and at least 1 year on maintenance therapy, and
* Remains asymptomatic from cryptococcal infection, and

¢ CD4 count =100 cells/pL for =3 months and suppressed HIV RNA in response to effective ART

Restarting Maintenance Therapy:
* |[f CD4 count decline to <100 cells/uL (Alll)

Treating Non-CNS, Extrapulmonary Cryptococcosis and for Diffuse Pulmonary Disease:
» Same treatment as for CNS disease (BIII)

Treating Non-CNS Cryptocococcosis with Mild-to-Moderate Symptoms and Focal Pulmonary Infiltrates:
¢ Fluconazole 400 mg PO daily for 12 months (BIII)

Other Considerations
* Addition of flucytosine to amphotericin B has been associated with more rapid sterilization of CSF, decreased risk for subsequent
relapse, and improved survival.

* Patients receiving flucytosine should have either blood levels monitored (peak level 2 hours after dose should be between 30-80
Hg/mL) or close following of complete blood counts to identify developing cytopenias. Dosage should be adjusted in patients with
renal insufficiency (BIl).

 Opening pressure should always be measured when a LP is performed. Repeated LPs or CSF shunting are essential to effectively
manage symptomatic increased ICP.

* Corticosteroids and mannitol are ineffective in reducing ICP and are NOT recommended (BII).
« Infection due to C. gattii should be treated similarly to C. neoformans (BII).

« All the triazole antifungals have the potential to interact with certain antiretroviral agents and other anti-infective agents. These
interactions are complex and can be bidirectional. Table 5 lists these interactions and recommends dosage adjustments where
feasible.

Key to Acronyms: BID = twice daily; CD4 = CD4 T lymphocyte cell; CNS = central nervous system; CSF = cerebrospinal fluid; ICP =
intracranial pressure; IV = intravenous; LP = lumbar puncture; PO = orally; QID = four times a day
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Histoplasmosis (Last updated May 7, 2013; last reviewed May 7, 2013)

Epidemiology

Histoplasmosis is caused by the dimorphic fungus Histoplasma capsulatum. Infection is endemic to the
central and south-central United States and is especially common in the Ohio and Mississippi River Valleys.
It is also endemic in Latin America, including Puerto Rico. In endemic areas, annual incidence approaches
5% in HIV-infected individuals. A CD4 T lymphocyte (CD4) count <150 cells/mm? is associated with an
increased risk of symptomatic illness.!?

Virtually all cases of primary histoplasmosis are acquired by inhalation of microconidia that form in the
myecelial phase. Asymptomatic dissemination of infection beyond the lungs is common, and cellular
immunity is critical in controlling infection. When cellular immunity wanes, reactivation of a silent focus of
infection that was acquired years earlier can occur, and it is the presumed mechanism for disease occurrence
in nonendemic areas. Incidence of symptomatic histoplasmosis in HIV-infected patients appears to have
declined with the advent of effective antiretroviral therapy (ART). When histoplasmosis does occur,
however, it is reported as the AIDS-defining illness in 25% to 61% of patients.>*

Clinical Manifestations

In HIV-infected patients, common clinical manifestations of progressive disseminated histoplasmosis include
fever, fatigue, weight loss, and hepatosplenomegaly. Cough, chest pain, and dyspnea occur in approximately
50% of patients.!* Central nervous system (CNS), gastrointestinal, and cutaneous manifestations occur in a
smaller percentage, although in a series from Panama, diarrhea occurred in 50% of patients.> Approximately
10% of patients experience shock and multi-organ failure. Patients with CNS histoplasmosis typically
experience fever and headache, and also (if brain involvement is present) seizures, focal neurological
deficits, and changes in mental status.® Gastrointestinal disease usually manifests as diarrhea, fever,
abdominal pain, and weight loss.” For patients whose CD4 counts are >300 cells/mm?, histoplasmosis is
often limited to the respiratory tract and usually presents with cough, pleuritic chest pain, and fever.

Diagnosis

Detection of Histoplasma antigen in blood or urine is a sensitive method for rapid diagnosis of disseminated
histoplasmosis and acute pulmonary histoplasmosis® but is insensitive for chronic forms of pulmonary
infection. Using a newer quantitative assay, antigen was detected in the urine of 100% and in the serum of
92% of AIDS patients with disseminated histoplasmosis.” Antigen detection in bronchoalveolar lavage fluid
appears to be a useful method for diagnosis of pulmonary histoplasmosis.!? In patients with severe
disseminated histoplasmosis, peripheral blood smears can show the organisms engulfed by white blood cells.
Histopathological examination of biopsy material from involved tissues demonstrates the characteristic 2 to 4
pum budding yeast and can provide a rapid diagnosis.

H. capsulatum can be cultured from blood, bone marrow, respiratory secretions, or other involved sites in
>85% of patients with AIDS and disseminated histoplasmosis, but the organism requires several weeks to
grow.!! Serologic tests are less useful than antigen assays in AIDS patients with disseminated histoplasmosis
but may be helpful in patients who have reasonably intact immune responses with pulmonary disease.'!!?

The diagnosis of meningitis is often difficult. The usual cerebrospinal fluid (CSF) findings are a lymphocytic
pleocytosis, elevated protein, and low glucose. Fungal stains are usually negative, and CSF cultures are
positive in a minority of cases.® However, Histoplasma antigen or antibodies against H. capsulatum can be
detected in CSF in up to 70% of cases, and a positive result for either test is diagnostic. For some patients,
none of these specific tests is positive, and a presumptive diagnosis of Histoplasma meningitis is appropriate
if the patient has disseminated histoplasmosis and findings of CNS infection not explained by another cause.
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Preventing Exposure

HIV-infected individuals who live in or visit areas in which histoplasmosis is endemic cannot completely
avoid exposure to it, but those with CD4 counts <150 cells/mm? should avoid activities known to be
associated with increased risk (BIII). These include creating dust when working with surface soil; cleaning
chicken coops that are contaminated with droppings; disturbing areas contaminated with bird or bat
droppings; cleaning, remodeling, or demolishing old buildings; and exploring caves.

Preventing Disease
When to Start Primary Prophylaxis

Data from a prospective, randomized, controlled trial indicate that itraconazole can reduce the frequency of
histoplasmosis, although not mortality, in patients who have advanced HIV infection and who live in areas
where histoplasmosis is highly endemic.!* Prophylaxis with itraconazole at a dose of 200 mg daily can be
considered for patients with CD4 counts <150 cells/mm? who are at high risk because of occupational exposure
or who live in a community with a hyperendemic rate of histoplasmosis (>10 cases/100 patient-years) (BI).

When to Stop Primary Prophylaxis

If used, primary prophylaxis can be discontinued in patients on potent ART once CD4 counts are >150
cells/mm?® for 6 months (BIII). Prophylaxis should be restarted if the CD4 count falls to <150 cells/mm? (BIII).

Treating Disease

In a randomized clinical trial, intravenous (IV) liposomal amphotericin B (3 mg/kg daily) was more effective
than standard IV amphotericin B deoxycholate (0.7 mg/kg daily), induced a more rapid and complete
response, lowered mortality, and reduced toxicity.'* Based on these findings, patients with moderately severe
to severe disseminated histoplasmosis should be treated with IV liposomal amphotericin B (3 mg/kg daily)
for at least 2 weeks or until they clinically improve (AI). Another lipid formulation of amphotericin B can be
used at the same dosage if cost is a concern or in patients who cannot tolerate liposomal amphotericin B
(AIID). Step-down therapy to oral itraconazole, 200 mg 3 times daily for 3 days, and then 200 mg twice
daily, should be given for a total of at least 12 months (AII)."> Because of potential drug interactions between
itraconazole and both protease inhibitors and efavirenz, it is advisable to obtain serum levels of itraconazole
after 2 weeks of therapy. A randomly obtained serum level of at least 1.0 pug/mL is recommended and levels
>10 pg/mL are unnecessary.

In patients with less severe disseminated histoplasmosis, oral itraconazole, 200 mg 3 times daily for 3 days
followed by 200 mg twice daily, is appropriate initial therapy (All).!>!¢ The liquid formulation of
itraconazole, which should be given on an empty stomach, is preferable because it is better absorbed and
does not require gastric acid for absorption, but it is less well tolerated than the capsule formulation, which
should be given with food.

Acute pulmonary histoplasmosis in an HIV-infected patient with intact immunity, as indicated by a CD4
count >300 cells/mm?, should be managed in a manner similar to that used for a nonimmunocompromised
host (AIID)."

In patients with confirmed meningitis, liposomal amphotericin B should be administered as initial therapy at
a dosage of 5 mg/kg daily for 4 to 6 weeks (AIII). This should be followed by maintenance therapy with
itraconazole at a dose of 200 mg 2 or 3 times daily for at least 1 year and until resolution of abnormal CSF
findings (AIII).'

Oral posaconazole and voriconazole have been reported to be effective for histoplasmosis in a small number
of patients who had AIDS or other immunosuppressive conditions'’>° and may be reasonable alternatives for
patients intolerant of itraconazole who are only moderately ill (BIII). Fluconazole is less effective than
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itraconazole for histoplasmosis but has been shown to be moderately effective at a dose of 800 mg daily and
may also be a reasonable alternative at this dose for those intolerant of itraconazole (CII).?! The
echinocandins are not active against H. capsulatum and should not be used to treat patients with
histoplasmosis (AIII).

Special Considerations with Regard to Starting ART

HIV-infected individuals diagnosed with histoplasmosis should be started on ART as soon as possible after
initiating antifungal therapy (AIII). Immune reconstitution inflammatory syndrome (IRIS) is reportedly
uncommon in HIV-infected patients with histoplasmosis.?>** ART should, therefore, not be withheld because
of concern for the possible development of IRIS (AIII).

All of the triazole antifungals have the potential for complex, and possibly bidirectional, interactions with
certain ARV agents and other anti-infective agents. Table 5 lists these interactions and recommendations for
dosage adjustments, where feasible.

Monitoring of Response to Therapy and Adverse Events (including IRIS)

Serial monitoring of serum or urine for Histoplasma antigen is useful for determining response to therapy. A
rise in antigen level suggests relapse. Because absorption of itraconazole can be erratic, a random serum
itraconazole level should be obtained after 2 weeks of therapy if there is concern about adherence or if
medications with potentially adverse interactions are added to the drug regimen. The serum concentration
should be >1 pg/mL.

As previously indicated, IRIS is uncommon in HIV-infected individuals with histoplasmosis.?>?*

Managing Treatment Failure

Mortality rates remain high for patients with AIDS who develop disseminated histoplasmosis, many of whom
had never received ART before diagnosis with histoplasmosis.*>!? Liposomal amphotericin B should be used in
patients who are severely ill or who have failed to respond to initial azole antifungal therapy (AIII). Oral
posaconazole and voriconazole are reasonable alternatives for patients intolerant of itraconazole who are only
moderately ill (BIII);'7?° fluconazole also can be used at a dose of 800 mg daily (CII).?! Drug interactions may
limit the use of voriconazole in patients who are taking non-nucleoside reverse transcriptase inhibitors or
ritonavir (Table 5). Posaconazole has fewer known drug interactions with ARV medications than voriconazole.

Preventing Recurrence
When to Start Secondary Prophylaxis

Long-term suppressive therapy with itraconazole (200 mg daily) should be administered to patients with severe
disseminated or CNS infection (AIII) and after re-induction therapy in those whose disease relapses despite
initial receipt of appropriate therapy (BIII). Fluconazole is less effective than itraconazole for this purpose but
has some efficacy at 400 mg daily.?"** The role of voriconazole or posaconazole has not been evaluated.

When to Stop Secondary Prophylaxis

An AIDS Clinical Treatment Group (ACTG)-sponsored study reported that discontinuing itraconazole was
safe for patients treated for histoplasmosis who have a good immunologic response to ART.?* Subjects in that
trial had received >1 year of itraconazole therapy; had negative fungal blood cultures, a Histoplasma serum
antigen <2 units, and CD4 counts >150 cells/mm?; and had been on effective ART for 6 months. No relapses
were evident in 32 subjects who were followed for a median of 24 months.? Thus, discontinuing suppressive
azole antifungal therapy appears to be safe for patients who meet the previously described criteria, noting
that the detectable antigen level is now designated as 2 ng/mL (AI). Suppressive therapy should be resumed
if the CD4 count decreases to <150 cells/mm? (BIII).
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Special Considerations During Pregnancy

Amphotericin B or its lipid formulations are the preferred initial regimen for the treatment of histoplasmosis in
pregnant patients. Extensive clinical experience with amphotericin has not documented teratogenicity. At
delivery, infants born to women treated with amphotericin B should be evaluated for renal dysfunction and
hypokalemia. Although there are case reports of birth defects in infants exposed to itraconazole, prospective
cohort studies of over 300 women with first trimester exposure did not show an increased risk of
malformation.?®*” However, in general, azole antifungals should be aveided during the first trimester of
pregnancy (BIII). Congenital malformations similar to those observed in animals, including craniofacial and
limb abnormalities, have been reported in infants born to mothers who received fluconazole at doses of 400
mg/day or more through or beyond the first trimester of pregnancy.?® Although several cohort studies have
shown no increased risk of birth defects with early pregnancy exposure, most of these studies involved low
doses and short term exposure to fluconazole.?*° Based on the reported birth defects, the Food and Drug
Administration has changed the pregnancy category from C to D for fluconazole for any use other than a
single, low dose for treatment of vaginal candidiasis (http://www.fda.gov/Drugs/DrugSafety/ucm266030.htm).
Voriconazole and posaconazole are teratogenic and embryotoxic in animal studies, voriconazole at doses lower
than recommended human doses; there are no adequate controlled studies in humans. These drugs should be
avoided in pregnancy, especially in the first trimester (AIII).

Recommendations for Preventing and Treating Histoplasma capsulatum Infections (page 1 of 2)

Preventing 1st Episode of Histoplasma capsulatum Infection (Primary Prophylaxis)

Indications for Initiating Primary Prophylaxis:
* CD4 count <150 cells/mm? and at high risk because of occupational exposure or living in a community with a hyperendemic rate
of histoplasmosis (>10 cases/100 patient-years) (BI)

Preferred Therapy:
* [traconazole 200 mg PO once daily (BI)

Discontinue Primary Prophylaxis:
« |f used, may discontinue if CD4 count =150 cells/mm? for 6 months on ART (BIII)

Indication for Restarting Primary Prophylaxis:
* CD4 count <150 cells/mm? (BIII)

Treating Moderately Severe to Severe Disseminated Disease

Induction Therapy

Preferred Therapy:

* Liposomal amphotericin B at 3 mg/kg IV daily (Al)

Alternative Therapy:

« Amphotericin B lipid complex or amphotericin B cholesteryl sulfate complex 3 mg/kg IV daily (Alll)

Duration:
* For at least 2 weeks or until clinically improved

Maintenance Therapy

Preferred Therapy:

* [traconazole 200 mg PO TID for 3 days, then BID for at least 12 months (All), with dosage adjustment based on interactions with
ARV (see Table 5) and itraconazole serum concentration

Treating Less Severe Disseminated Disease

Induction and Maintenance Therapy

Preferred Therapy:

« [traconazole 200 mg PO TID for 3 days, then 200 mg PO BID for =12 months (All), with dosage adjustment based on interactions
with ARV and itraconazole serum concentration
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Recommendations for Preventing and Treating Histoplasma capsulatum Infections (page 2 of 2)

Alternative Therapy:
Note: These recommendations are based on limited clinical data (for patients intolerant to itraconazole who are only moderately ill).

* Posaconazole 400 mg PO BID (BIII)

« Voriconazole 400 mg PO BID for 1 day, then 200 mg PO BID (BIII)
¢ Fluconazole 800 mg PO daily (ClI)

Treating Histoplasma Meningitis

Induction Therapy (4-6 Weeks):
« Liposomal amphotericin B: 5 mg/kg IV daily (Alll)

Maintenance Therapy

* |traconazole 200 mg PO BID (TID for at least 12 months and until resolution of abnormal CSF findings) with dosage adjustment
based on interactions with ARV and itraconazole serum concentration (Alll)

Long-Term Suppressive Therapy (Secondary Prophylaxis)

Indications:
* For patients with severe disseminated or CNS infection after completion of at least 12 months of treatment (Alll), and
« In patients who relapsed despite appropriate initial therapy (BIlI)

Preferred Therapy:
* [traconazole 200 mg PO daily (Alll)

Alternative Therapy:
« Fluconazole 400 mg PO daily (BIII)

Criteria for Discontinuing Long Term Suppressive Therapy (Al):
* Received azole treatment for >1 year, and

* Negative fungal blood cultures, and

¢ Serum Histoplasma antigen <2 ng/mL, and

* CD4 count >150 cells/mm? for =6 months in response to ART

Indication for Restarting Secondary Prophylaxis:
* CD4 count <150 cells/mm? (Bll)

Other Considerations:

e [traconazole serum concentrations should be performed in all patients to ensure adequate absorption and to assess changes in
hepatic metabolism due to drug interactions (Alll). Random serum concentrations (itraconazole + hydroxyitraconazole) should be
>1 pg/mL.

* [traconazole oral solution is preferred over capsule because of improved absorption, but is less well tolerated. However, this
formulation may not be necessary if itraconazole concentration is increased by concomitant use of a CYP3A4 inhibitor such as
ritonavir-boosted Pls.

« Acute pulmonary histoplasmosis in HIV-infected patients with CD4 count >300 cells/mm? should be managed the same as for
non-immunocompromised patients (Alll)

* All the triazole antifungals have the potential to interact with certain ARV agents and other anti-infective agents. These interactions
are complex and can be bidirectional. Table 5 lists these interactions and recommends dosage adjustments where feasible.

Key to Acronyms: ART = antiretroviral therapy; ARV = antiretroviral; BID = twice daily; CD4 = CD4 T lymphocyte cell; CNS = central
nervous system, CSF = cerebrospinal fluid; CYP3A4 = Cytochrome P450 3A4; IV = intravenous; Pl = protease inhibitor; PO = orally;
TID = three times daily
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